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Bazinas  flews  of  viscous  field  with  stationary  separation  roses  wit* 


G.  I.  lagaoov. 

Ire  ezaained  the  aaslsoa  flows  of  the  tiaccus  incompressible 
field  for  whiah  strive  vitfa  an  infinite  increase  in  He yn olds  naaber 
tia  flows  with  stationary  separation  zones  after  flat /plane 
syeaetsical  bodies.  Are  obtained  gaantitative  results  in  the  case  of 
escalation  flow  within  separation  zcae. 

the  gealitative  study  of  the  field  of  the  possible  flows  of 
viscoas  fluid  with  stationary  separation  tcaes  aits  largs  Beynolds 
neabeca  Be,  when  flow  in  the  thin  laysrs  of  sizing  and  friction  can 
ba  described  by  the  egeatiens  of  prandtl^  carried  out  in  work  [1],  it 
is  auppleaented  below  scae  quantitative  asyaptotic  results  with  Be-*» 
fpr  the  case  of  the  noodegenerate  flew  within  separation  zone  with 
circulation  nucleus.  Is  conducted  the  analysis  cf  the  global  picture 
of  f Iqm  about  flat/plaae  body  (transvozoo  eizo/diconsion  of  body  d) 
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with  the  saliaitedly  growing  fith  §«-*•  extect  of  separation  son* 
aid  it  aora  pracisaly  fcraalatcd  tfco  local  pictere  of  flow  near 
described  in  £1].  The  analysis  of  tha  local  picture  of  flow  near  body 
aad  ia  in  the  region  of  ccacactica  aakes  it  possible  to  obtain 
asyaptotic  rcnnula  for  tbs  drag  coefficient  of  sy Metrical  flit/plane 
fcedy  gf  and  &he  presence  of  disaitpabax 

fbe  qualitative  investigation  gf  'dependence  c.^f  (Re)  for  the 
flat/plane  plate*  establi^h/installed  perycrdicalarly  to  flow  and  by 
that  straaaliaad  with  stationary  separation  scat*  it  leads  to  the 
ieter4atiqg  paradox:  beginning  t Itb  certain*  sufficiently  large 
ooabes  *?  = resistance  of  t a#  plate*  establish/installed  in  a 

direction  perpendicular  tc  flow*  bfcoaas  l*£ser  thaw  resistance  of 
tha  saae  plate*  establish/itstalled  st  ter c aggie  of  attack  and 
atreaaMned  without  flow  breakaway  with  the  saae  Reynolds  soaber. 
this  paradox  is  the  coaseguence  of  the  abtaiacd  in  work  asyaptotic 
law  of  resistance  of  the  cylindrical  bodies*  which  have  tke 
symmetrical  fora  of  section*  streaalined  with  stationary  separation 
*«%«*  wheg  pj^-m-oo:  c*~  Re7’. 

Page  2. 

iro  given  tho  results  of  calculations  cogaxding  tbo  fora  of  tho 
doct/ccntour  of  tho  coparatico  toss*  which  corresponds  to  tho 
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lieiting  condition  of  floa  with  ■#«*•  stoat  the  syeeatrical  flat/plane 
bcdy  f)f  final  extant  (gaxieally  neat  dissipaior  - point  D*  alien 
a,xM&  4*«= /»*-«?  *0  £1^  it  turned  oat  that  the  duct /contour  of  the 
separation  zone  i»  this  case  aas  close  to  ellipse*  bat  it  does  not 
coincide  aith  it*  its  as jot  axis  is  direoted  along  flov*  vhile  ainor 
axis  ccaprises  appzpxiaatel y 60o/o  of  aojpz  axis. 

the  foi;a  of  the  duct/ccntour  of  separation  zone  darisig  naxioan 
floa  IBs***  A*0)  is  coapared  aith  the  fere  cf  the  d act/c oetour  of  the 
separation  zone*  obtained  as  a result  of  the  numerical  solution  of 
the  ef nations  of  aav'ye  - Stokes  for  the  case  -of  the  flov  aroand 
to  and  cylinder  vith  Be=500  [2].  It  prove*  to  be  that  the  unexpected 
for  the  authors  of  vork  [2]  inccaase  in  tic  thickness  ratio  of  the 
duct/contour  of  saparaticq  xone  aith  Be*500  ccapletely  regularly 
testifies  to  the  apprpacb/approxiaatioa  of  the  picture  of  flov  _ith 
Be*500  to  the  vaxiaua  pictare  of  flov  vith  ie*«  and  A*0. 

In  conclvsion  are  analyzed  the  reasons  for  inapplicability 

previfosly  proposed  nodcls  cf  flov  £3]  - [7]  for  describiqg  the 

aaxiaae  flov  qt  viscous  fluid  vith  statioeary  separation  rone  vitb 

Surge  attention  to  the  reseat}  laace  pi  sgae  properties  of 

Eaxieun  flow  (Re  •*>  • and  A • 0)  and  of  Zhukovskiy  circulation  flow: 
they  both  pertain  to  the  class  of  plane  flows  with  theoretically 
infinite  kinetic  energy  of  tne  disturbed  motion,  but  with  the  zero 
value  of  the  drag  coefficient  during  steady  motion. 
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1.  Glfbal  picture  of  nasiaas  viscoss  blows  *itb  stationary  saparation 
3pfa  aitb  8a-*-. 

Sinew,  as  shown  in  wort  [1],  the  astaat  of  saparation  zona  /* 
ualis£tedly  grow/rises  with  le-r*  and  the  walnaa  of  tha  par  a water  A>0, 
which  characterizes  tha  effectiveness  >of  dissipator 
(£,=**  — «?,«,—  where  kh  «*  nitfe  respect  to  tha  velocity  in 

U Q»  Hqp  «*  * 

(tints  on  the  extarnal  and  internal  borders  of  the  viscous  layer  of 
the  ailing,  which  separatc/.'liht cates  entersal  potential  aqd  internal 
vcstej/eddy  inviscid  flews,  while  “•  - is  the  velocity  of  the 
andi£tarbed  flow),  becowes  ansaitable  the  wse  cf  a size/diaension  of 
body  d as  reference  lencth.  it  is  wore  convenient  in  this  case  daring 
the  shady  of  the  global  pictara  of  fl^w  bp  take  as  refereqee  length 
the  extent  of  separation  zone  /,  aqd  tc  pass  to  dinensionless 

- Jf  - y 

coordinates  * — j- , y - j-.  it  is  easy  to  see  that  the  case  of  the 
degenerate  flow  within  separation  zona  («r=0,  h=|),  occurring  with 
Be**-  and  th.»  presence  of  aaziaally  pewarfal  dissipator  1 within  tha 
saparation  zone  whan  external  flow  caa  be  described  with  tha  aid  of 
tha  apdal  Gilbarg-Efros  it  will  ba  depicted  in  plane  x y as  axis 
intercept  I,  arrange/locatwd  between  the  point  f*0  (body)  and  the 
point  5=1  (region  of  connection)  (fig.  1 )a 
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FCetJMTB  is  accordance  eith  work  fl]  <£©  ac  si  saily  poverfol 
dissipctor  corresponds  the  degenerate  floe  alt kin  separation  zone 
aithoet  circulation  of  core.  BIOFOOTlOfE. 

Page  J. 

taring  a fall  in  the  effectiveness  of  dissipator  (case  0<A<?) 
withift  separation  zone  appears  the  circulation  floe  eith  constant 
eddy/vortex.  Static  pressore  in  separation  2090  is  direct  after  bod; 
and  directly  before  the  region  of  connect ict  it  is  raised  to  the 
valae  equal  to  to  stagnation  pressore  far  liae  of  deaarcation  of  tho 

- 2{p  — p_J 

current  of  internal  vortex/eddy  inviscid  flee  P — — — f — 1 -— &• 

rmm 

Qcasegaently,  in  the  vicinity  of  points  (0,  0)  and  (1,  0)  to  piano  x 

; external  irrotational  flow  aust  provide  precisely  this  static 

pressure,  i.e.#  velocity  in  these  pciats  east  he  egoal  to 

— VI.  This  negnireaent  can  be  caxried  oet  oily  in  such  a cue, 
«• 

when  the  duct/contonr  of  the  separation  zone  has  at  points  (0,  0)  and 
(1j  01  the  zero  angle  of  sharpening,  end  also  different  froa  zero 
(cnenvaniskiag ] thickness  ratios  (f*>  2),  i-e. , the  transverse 
sfze/diaensio^  of  separation  zone  list  he  the  value  of  the  order  of 
the  extent  of  separation  zone  ale eg  floe* 

In  the  case  vhen  A*0  ffaxieally  each  dies!  fetor),  with  tho 
oslialtod  increase  in  the  oxtont  of  sapexsticn  sono  eith  £0 
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ceabez  the  regeireaeat  of  tha  zaro  u$I<  of  aharpastia*  at  points  (0, 

QJ  and  |1#  0)  m as  is  evident  fees  precediac/prsvioas,  drops  off  flow 

* 

is  the  vicinity  o|>  body  sad  region  of  tccaeection  if  approaches  rest 
£1].  the  dnct/coatoor  of  the  separation  spfc  eith  final  aggie  of 
throat  at  points  (0,  0)  and  (1,  0)  takes  in  this  case  (A«d|  the  fora* 
presented  in  Pig.  3. 
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Page  I. 

2«  L^cal  picture  of  flea  tear  body  and  in  the  region  of  connection 

i feaPodAO. 

She  presence  of  the  zero  angle  of  sljar  polling  of  the  duct/contour 
cf  reparation  zone  at  points  (0,  0)  and  (1;  0)  loads  to  the  fact  that 
internal  floe  with  constopt  oddy/verto*  is  clone  to  stagnant  in 
se^fidiont  extended  in  tbo  direction  of  5-aiis  tbo  soctio cp,  which 
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adjcia  points  (0,  0)  and  (1,  0).  The  axaainatios  of  internal  floe 
with  constant  eddy/vortex  ic  the  viciaity  ci  the  point  of  inflection 
cf  1*494  eith  ayartora  uyl«  4 leads  he  fplloairg  rnlati  on  ship/ratio 

fer  tains  ~ at  paint  ef  inflection  *. 

ix  , . 

P . (2.1) 

da  2 

f (KSTB4TE  *•  Ti^is  escape/easaes  fret  the  gealitetive  analysis  of  the 
fi&ov  At  ^oint  of  inflection,  carried  oat  by  V.  5.  Sadovskiy 
(description  of  floa  is  given  into  in  § ()  . IlfifOOTVOTB. 

fa.  — 

Consequently,  at  ft*0  and  finite  valne  0 aith  r*0  and 

OX  . 

x* 1,  and  fron  the  equation  cf  Becncnlli  f plicae  that  and  at 

ox* 

these  points.  Than,  after  body  and  befern  tie  region  of  connection 
cccur  sections  with  the  alacst  constant  static  pressure:  p*l-A. 

If  we  nov  retarn  to  the  use  as  reference  length  of  a 
sise/dinensioi)  of  body  d,  tfcen  easily  ,is  detected  the  local  agreement 
cf.  the  picture  of  flow  near  body  in  the  case  in  question  vith  the 
local  picture  of  flou  a lout  the  body,  streailined  vhon  disengaged 
flea  lines  are  present,,  vJjich  descend  froa  body  snrface  (flov  of 
BirchSof  f) . 

The  iaportant  property  of  flots  aith  free  boundaries  is  the  fact 
that  the  local  picture  cf  external  isxotaticnal  floe  near  body  veakly 
depends  on  flow  conditions  far  fron  body,  including  on  tbo  volocity 
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cf  the  sadist  or  bad  flov,  asd  it  is  detsrsiaad  by  tbs  far  a of  body,  by 
tbs  pfsitlea  of  tips  pcirts  cf  tbs  dssesat  cf  jsts  os  body  sad  by 
velocity  oa  disesgaged  flov  lists,  vbicb  adjeia  tbs  body.  This 
property  is  coastaat/ia variably  ccrflrsed  by  precise  saner ical 
calculations  of  floss  sitb  ires  boasdsriss  acccrdiag  to  tbs  patterns 

cf  lyabvsbiasbly  asd  Gilbarg-lfroa  ever  a fids  xaage  of  a change  is 

Q = &JT  &. 

tbs  ssabsr  of  cavitatioc  P“L  (i.sr  daring  a considerable 

2 

ebsage  is  tbs  coafigaratisa  of  global  flea,  is  carticelar,  during  a 
considerable  ebasge  is  tbs  tbiebssss  ratio  cf  cavsra) , asd  also  vitb 
tike  ssfficisstly  close  location  of  tba  rigid  borders  of  channel  to 
tbs  syren* Head  body.  Bcsce  as cape/essses  tbs  iaportast  consegaeace: 
tbs  drag  cceff iciest  of  body,  is  rofereace  to  velocity  os  tbs  free 
bosndSries,  vbicb  adjoin  tbs  body,  dcea  qpt  dapead  oa  velocity  of 
iacideot  flov  and  it  is  egaal  to  tbs  drag  ccefficiest  of  body  c rt<) 
atxeaelined  according  tc  Kirckkoff'a  patters,  skes  velocity  oo  free 
boundaries  is  egaal  to  tka  velocity  of  tb*  ssdistarbed  flov  sod 
cssber  C*Q: 

c'*~f M 

Page  5. 

Cov  it  ia  easy  to  pass  to  tke  vocal  drag  ccefficiest  of  tb® 
bpdy,  is  reference  to  tbe  velocity  of  tka  vidi at orbed  flos: 


it  io  final,  vitb  oso  (2.2),  s«  obtains 
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+ ©•  (2.4) 

foraala  (2.4)  have  loqg  utilised  daciag  celcalatioas  of  cavity 

fi&ovs  and  it  is  copstant/in  variably  confirsad  by  the  experiaent  (for 

2* 

apwaple,  see  [8 ]*  £9]).  For  flat/place  plate  c**  — for  a 

circular  cylinder  dspaadipg  op  tbs  pcsitipp  of  saparatioa  point 
eccepfed  valof  c»  is  cbapgcd  fros  0.5  to  0.5 S',  fke  first  mineral  is 
bettex  coatiraad  bf  experiment  £9}. 

Vba  coincidence  of  tbs  local  pictats  cf  external  irrotational 
fcloi»  about  body  with  ssparaticn  sore  in  tbs  presence  of  a dissipator 
•i^bia  zoqe,  vbich  snsurss  tbs  assignsd  aagnitsde  of  tbs  paraaotsr  A, 
and  of  tbs  local  picture  of  flow  sith  disdpgsged  f loo  linss  nakea  it 
possible  tc  obtaifi  tbs  valsc  cf  tbs  pxeesaze  drag  coefficient  Cm.  of 
tbs  acting  on  body  in  tbs  general  case  circulation  flov  nithin 
separation  xoqe. 

u*  ^ 

Since  —==)<&,  abase  «*  - velocity  in  point  (0,  Ol)  of  plnne 

* y , then  of  (2.4)  vs  bates 

C,,=C*  at.  (2.5) 

Bovever,  this  is  only  part  of  tbs  dreg  coefficient  of  systes 
best  « dissipator.  It  is  qecese&ry  tc  de&exsips  another  the  force, 
sisich  acts  on  dissipator  £ 1 ). 
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Bet  as  tarn  to  the  datcraiaatica  *cf  tie  conditions,  accessary 
fpx  tins  existence  of  floa  as  a ehole,  i jojl,  the  conditional  by  which 
i<  possible  fclje  coapling  of  the  iateraal  flea  aith  coast a^t 
eddy/aortas*  described  by  tie  ago* ties  cfl  fcisccn,  with  the  external 
irrotitional  flow,  described  by  the  agent ice  of  Laplace  ahen  body  and 
region  of  connection  is  present,.  Eera  again  prevas  to  be  essential 
coincidence  of  the  local  pictures  cf  flea  tear  body  and  is  the  region 
cf  connection  after  separatics  zone  aith  ticcal  pictures  is  the 
appropriate  zones  of  floa  aith  free  boundaries. 

lor  syaaetrical  relative  to  X-axis  of  the  floa  of  Byabashinskiy, 
for aei  by  tao  plates,  perpendicular  to  the  direction  of  tire  incident 
Ilea,  Deaachko  [IQ]  it  desenstrated  tbc  thecret,  according  to  ehich 
the  floa  of  Byabashinskiy  exists  crly  in  the  case  of  the  plates  of 
identical  size/dinensios. 

Index  the  asauapticn  about  the  independence  of  the  local  picture 
cf  figs  about  plate  froa  flea  conditions  far  fren  plate,  i.«.,  under 
the  siae  assumption,  under  vhicb  aas  obtained  f crania  (2.4) , theorea 
cf  Oeaechkc  can  be  deaopatrated  by  folloains  path.  Basistance  of 
syatea  of  tuo  plates  of  different  lengthy  rigidly  connected  and 
streaalined  according  to  the  pattern  of  Byaboahinsky  (zero  floe  line 
coincides  vitb  duct/contour  kCCD  ia  rig.  I),  according  to  oylora  - d* 
Aloabert's  paradox  auct  bq  equal  to  sexes 


(2.6) 
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lONftr,  to  plate  MB,  is  applied  it  be  resisting  fotcs,i  egaal 
according  to  foranln  (2.4): 

t),  '(2.7) 

and  tf  pints  W « tbs  feres 

Jf®  ■ (Q+l)  (2.8) 

Sines  values  Q and  fi*  ere  identical  icr  teth  plates,  then  for 
execution  (2.6)  it  is  eecsssarf*  in  order  tc 

JS  - CD.  (2.9) 

Vbe  generalisation  of  thsoren  Den* chi v to  the  case  of  inviscid 
flee  sith  constant  eddj/vortex  nithin  da=*/ccnteer  ISC I)  and  the  final 
jeap  ff  Bnrnonlli*s  constant  on  border  DC  (case  0<A<1)  is  cond acted 
analogously,  bat  gith  the  ase  additionally  cf  agree sent  of  the  local 
pictasea  of  floe,  i.e.,  in  the  sane  asacapticfS)  by  shich  is  obtained 
foxao&a  (2.5): 

® c»K i 


§0C  * 78103201 


MSI 


liiof  c*k  and  A ere  identical  £cr  totfc  plates*  of  (2.1)  it 
felloes: 

JB  =£5. 

fioa,  internal  flow  eith  coast cats  like  tie  aind  in  tie 
generalised  pattern  of  fpabcahiaski?  can  6c  coa jegete/coahined  aith 
cjatcreal  Ircotatioaal  floa  ia  the  pretence  cf  <the  final  jeep  of 
Beraoalli*a  coaotaat  oa  the  lies  of  coaplias  Md*  strictly  speaking* 
ah  fa  Oflf  at  the  ideal  deal  length  *>f  those  licit  the  flov 

cf  plates. 

It  is  certain*  the  patteta  of  Ipahoahiaskij  is  inapplicable  to 
the  description  of  floa  ia  the  regies  -cf  ccsacction  after  separation 
zofe.  Jor  describing  the  floa  is  this  regies*  approaches  the  aodel* 
proposed  in  cork  [1]*  etich  uses  a pattern  Giltacg-Bfros  sit* 
coear rent  jet,  Teo  Oineasiopal  paraneters  detersise  the  local  pictare 
of  fife  in  the  region  of  the  cccaacticp:  ih«  thickness  of  recurrent 
jet*  egeal  to  2 chore  $7  * thickaesa  of  tke  ecgaisitiof  of 
apaentc$/iapulse/palse  ia  the  viscoas  haseed ary  leper  of  drcalation 
floa  Icheractcristaic  licoat  di  Bossier)  * aod  wolccity  oa  dicoDgeged 
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It  is  possible  to  aspect  that  tie  thickness  cf  recurrent  jet  in  the 
floe  Silbasg-Sfroa  it  scat  coaprise  the  cpaplately  defied  portion  of 
the  length  of  plate,  just  as  the  size/ disens iar  of  dosing  plate  ia 
the  flea  of  Byeboshiasky  it  is  connected  siik  the  size/diaeasioa  of 
freat/leading  plate  for  the  possibility  of  the  realization  of  floe  as 
a ghcAe.  Ia  fact  the  force  *ei,  froi  which  closing  plate  in  the  floe 
cf  lyabaslfieshiy  acts  os  flee,  it  is  provided  i?  the  floe 
Cilbarg-Bfiros  by  the  reacticn  of  the  racnsreat  jet,  which  appears 
daring  a change  is  the  direction  of  the  option  cf  liqaid,  ehlch  for as 
jst,  ga  180°.  Actually  tfec  thickness  cf  cectrregt  jet  eheei  Pi  ^ Pm  is 
0*22  d [9];  the  reaction  of  jet,  egaal  to  a change  la  the  coaeatoa  of 
ligaid  daring  the  rotation  cf  jet  ia  opposite  direction,  coaprisss 
2p«.'0£2*tf*8»»-a, M i»«*  ia  ncceracy/pracislca  it  is  egaal  to  the 

fpree  froa  which  closing  plate  ia  the  floe  et  Byabasbiasky  when  P*~ p~ 
acts  oa  flow. 

Consaqoeatly,  for  tha  realisation  of  floe  in  the  whole  thickness 
cf  reterreat  jet  ia  the  region  «f  ecBsactics  It  east  be  conplotely 
date rained,  that  ©nacres  the  react ica  of  jet,  egeal  ia  eogaitado  to 
the  pxcacoro  drag,  ehicl  acts  cq  body. 
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Since  are  boh  kaoan  the  parameters  of  race crest  jet,  caa  be 

deter  sin  od  the  thrust,  applied  to  the  dies if* ter  which  is  in  as 

idqal^ligtsid  aodel,  exatited  is  aczfc  £1],  b\  the  flow  of  tho 

apaeahua/iapalse/ptalse  cf  recurrent  jet.  Jf  dissipatcr  is 

arxange/located  oa  the  section  ahare  ps.t-4,  thca  for  satisfaction  of 

periodicity  oondition  it  the  aiacoas  boaadirj  layer  of  the 

circulation  floa  of  dissipatcr  it  oast  provide  the  absorption  of 

satire  acaentua/iapulse/palse  cf  recurreai  jet,  i.e.,  the  aeonnt  of 

thrash,  applied  to  dissipatcr  nost  comprise  half  fros  the  value  of 

the  reaction  ef  jat  in  regicn  of  ccnaection  or,  on  the  basis  that 

preaeetad  it  is  higher,  the  half  of  the  aacant  cf  the  resisting  force 

cf  the  pressure,  applied  te  the  body: 

cr-^.  (2.10) 

2T 

where  - thrust  coefficient,  applied  >to  dissipatcr.  Then 

tailing  into  account  (2.5)  ae  obtain  tba  drag  coefficient  of  systee 
beet  e dissipatcr  in  the  case  cf  tie  oendegeaerate  floa  with 
circulation  nucleus  ia  the  saparaticr  xcqe: 

€*"***  i = "2"^,  i ~ yfiK  d (2.11) 

cr c accordingly  (2.10), 

*,*=*•  (2.12) 

fn  the  case  of  the  degenerate  flog  ia  saparation  soaa  A»1,  if 

2a 

body  |8  tho  pleto  in  ahicb  — «+T'  f cicala  (2.11)  gives  the 
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cunltf  vkich  coincides  vitl  tkat  obtained  is  ecrk  £1]  for  a systen 
plat*  ♦ id«al  dissipate!:  c*  — 5“f~4  • 

Eaga  •• 

taring  the  derivation  of  asyaptotic  focaala  (2-11)  uas  aot 
co|iiiac<d  the  effect  oi  displaceaeat,  connected  sith  the  deviation 
cf  tk*  flea  lines  ester sal  irsotatisssl  fics  is  tbs  regies  oi 
connection  of  tk*  thickness,  egoal  to  tke  displacement  thickness  of 
tk*  exterior  of  tk*  viscous  layer  cf  airing,  altkoagk  a precis* 
ideal-  ligaid  nodal  of  stalled  flo^  deacrited  ia  work  [1),  is 
iacladcd  t|is  *ff*ct  in  exesipatiop-  titkpnt  being  stopped  her*  on 
tk*  procedure  ekick  can  be  proposed  fox  tk«  account  of  tk*  effect  of 
dLisplac«a*st  in  tke  case  of  aaxiane  flee  sitb  !«*-,  let  ns  explain 
tke  sdchaaisa  of  tranaeiealen  to  tke  bedy  cf  pressor*  drag*  ekich 
appears  do*  to  displaceeeat  and  added  to  vela*  |2-11)  in  flov  vitb 
separation  zone- 

in  the  case  of  tke  floe  around  rigid  airfoil/profile*  as  is 
kaoen*  this  occurs  da*  to  tke  decrceee  cf  f cesser*  on  tke  rear 
f.citifn  of  the  airfoil/prof  11*.  If  u*  visaalixe  tk*  nosaaparated  flov 
iit  tk*  rigid  doct/contoor  A ECO  (see  fig-  •)«  then  dee  to  tke  effect 
cf  displacement,  tke  force  of  pressure,  acting  ca  closing  plate, 
decceacos-  Apparently,  analogous  sitk  this  required  value  of  tbo 
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reaction  of  jot  is  the  regies  of  the  joining  ti  jot  in  the  flow  of 
6il!>affg"»i££03  slso  decreases,  and  this  cai«t,  ether  conditions  being 
egsal*  tfco  decrease  of  the  thrast/xod,  *ic&  acts  on  dissipator.  and 
therefore  an  increase  it  resistance  of  apstei  rtia  bod;  ♦ dissipator. 

{ J-  faradox  of  viscoaa  flows  with  tha  large  la  ambers. 

Bet  2S  espials  now  how  will  cSangf  of  an  i*eK«asa  in  8®  sasber 
tha  dsag  coefficient  at  tha  s;aaetricel  fist/plsae  hod;  of 
aisa/diaansioq  d with  the  dividing  plate*  S£Z«»$e/loc&ted  along  tha 
axis  pf  sjaaatr;  within  sa  par  at  ion  sc  no* 

hat  tha  dividing  Plata  h$ve  tha  assigne d/prescribed  length  /, 
cf  thd  ordac  of  the  sixe/direasioa  of  bed;  4 and  tha 
assignad/prascri&ed  distance  between  the  dividing  plate  aqd  tha  bod; 
alao  pf  order  d.  shoe*  the  disnip&tcr  is  the  entire  r abbia/g  serf  sea 
cf  tha  dividing  plate  aed  tie  5 art  of  cabbing  surface  of  bod;,  which 
adjoias  tha  sfparation  son*.  let  ns  eiaaiae  first  tha  artificial 
casa:  lat  friction  on  tha  bach  side  of  bod;  ba  cgnal  to  zero  (all 
acting  ssrfaca) , and  tbs  dissipation  of  aaergf  cf  racarraait  jot  is 
taalifv/ accomplished  on  the  dividing  plats  ihosa  position  relative  to 
hod;  fs  changed  sith  a change  in  Ba  nunbsr  sc  that  it  is  alva;s 
located  in  tha  region  where  the  valocit;  of  circulation  flow  is 
casiaaa.  Sisco  tho  eaxisua  spood  of  circulation  flow  is  of  tbo  order 
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tk®  of  tk«  andistarbed  floa«  the  coefficient  of  friction 

dr&§  §f  the  dividing  plate  cr  aill  chaage  ^ge”y  Csesegaeatly, 

•id  tie  pact  of  tire  drag  coefficient  of  ajstee  tody  ♦ the  dividing 
plate  (vithost  the  aecosat  of  the  frictional  resistance  e&  end 
connections  of  the  body!  aill  change  according  to  the  lac  ~$e~  J 
since  accordingly  (2.11)  this  pact  of  the  drag  coefficient  of  the 
sysstea  cf  order  cT. 

Severer,  in  the  real  case  the  positiog  of  the  dividing  plate 
relative  to  tody,  as  this  is  stipulated  abeva,  fix/recorded  comprises 
the  value  of  order  d.  Therefore  vitb  ag  increase  in  the  extent  of 
aapardtiog  son#  with  Se^*  both  velocity  of  circulation  flow  and 
xecursent  jet  velocity  in  the  lccaticn  of  the  dividing  plate  they 
Bill  saniah,  since  flow  will  approach  anxious,  appropriate  A»0  (see 
fig.  S).  It  aeaoa  coefficient  cr  it  aill  vanish  faster  than 
according  to  the  las  ^e“f  (precedlag/pse views  case)  and, 
epaseg neatly , also  the  total  coefficient  pf  frictioa  drag  of  end 
ceaaactlcga  of  the  body,  which  vanishes  faster  than  Re~it  dee  to  the 
tendency  of  the  local  characteristic  velocity  -v8  toward  agso)  sill 

i 

vagisi  faster  thaa  Re"?. 

(age  9. 

At  very  rapid  incid^oco/drop  and  fcbo  los  salees  of  drag 
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coefficient,  connocted  with  frictics  ig  t she  via coos  boundary  layer  of 
escalation  flow,  it  ia  set  possible  tc  already  disregard  the  value 
c £ viscous  dissipation  in  aa  entire  ragge  oi  circalation  filoa  with 
cpsst&at  «&dy/voriex  and  it  aa  entire  range  cf  external  irrotatioqal 
flee.  It  ia  easy  to  shot  that  the  work;  qeceaaary  for  aaiqtainiag  the 
ateady  potential  flew  aroand  separation  zpgc  e$d  flat/plape 
circalation  flow  with  ccnatant  eddy/tortax  ia  .the  aaxiaua  floe  (see 
fig.  .1) , it  is  provided,  if  the  law  cf  resistance  takes  tbs  fora 
c,— XHeJ1,  (3.1) 

where  A - the  ouaber,  which  depends  only  og  the  configuration  of 
separation  zone.  Pgr  the  configuration  of  tie  flow,  presented  in  Pit,. 
5®  1-45  v. 

la  fact,  the  viscous  dissipation  'E  is  external  zone  of  floe  and 
in  the  range  of  circulation  flew  with  constant  eddy/vortex,  not 
depending  on  size/diaeasicp  peeper* ioa.nl  l* (7^)  *2 — ?■*».  aunt  be 

provided  by  the  work  of  the  resistigg  force  cf  body,  proportional 
j*s*,~p«*tc£.d1  vheace  it  fcllogs  (3.1) . 

If  tk§  drag  coefficiegt  of  body  with  separation  zone  when  Re,-* eo 

^ I 

fills  faster  than  according  to  the  las  Rerf  ralid  during 
the  apnseparated  flow  of  fino/thin  air foil/ prof ilss  and,  in 
particular,  during  coot inaces  flow  around  tie  plate, 

@5tablisVinaf ailed  at  sore  opglc  cf  aCtaei,  thea  it  orcero  tbo 
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ietarestigg  paradox:  beginning  aith  cattail  sufficient  large  la 
ssabes  eitb  farther  increase  ia  la  saeber  reeistasce  of  t);e  plate, 
establiek/iastalled  perpandicalarlj  tc  floa,  4t  becoces  leaser  flan 
resistance  of  the  ease  (late,  astabliab/iaetalled  at  zero  eagle  of 
attach  aad  streamlined  citbcat  floa  krtafceaey  with  tbe  saae  Be 
neeboz. 

5 a*  Beteraina&ioa  of  tbe  fora  of  tbe  doct/contcor  of  separation  zone 
ia  eayieaa  plane  filov  with  !•-*•  and  1*0. 

latbaaaticall;  aoxx  idle  tine  is  tbe  task  cf  determining  tbe 
feta  «f  tlja  dact/contoas  of  tbe  separation  scat  of  aaxiaoa  floe  eitb 
ia  presence  of  the  jenp  cf  Beracalli's  constant  on  tbe  border  of 
dact/aoatoar,  i.e.  , tbe  ces«  1*0  (sea  Fig*  3) . If  one  considers  that 
this  case  anseers  tbe  limiting  condition  oi  tbe  floe  of  viscoas  field 
afceot  tbe  real  spneetrical  body  of  final  extent  (eitb  tbe  di siding 
plate  of  finite  length  gr  sit beat  it)«host  coefficient  vanishes  eitb 
le-*»#  then  tbe  exaeination  cf  this  casa  repxcsasts  tbe  greatest 
interest. 

. 8as  et  first  sade  the  etteapt  to  ccaghlj  evaluate  tbe  fora  of 
dect/dontonr,  finding  floa  eitb  constant  «ddj/vcrt©x  froa  tfco 
cplnticn  of  the  eg  oat ion  cf  Poisson  eithio  tfco  aosignod/preecribed 
doct/dontocr  and  oxtornal  irrotaticnal  flog  etc  at  tbo  sacs 
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dact/Ccntour,  attaining  by  the  varieties  pf  the  geometric  parameters 
cf  doot/cootoar  do ring  precise  sat isf actio a of  boundary  conditions 
cal;  ia  aosa  points  of  the  duct/contcui  of  a aifiaaa  root- aa an -square 
difference  in  the  velocities  of  external  axd  latarnal  floa  along  the 
length  tha  duci/coctoer,  {assessing  tec  anas  of  syseetry. 

Sage  10. 

The  calculations,  B.  P.  Sinitsynoy's  carried  oat,  shoved  that  if  ve 
search  for  the  solation  of  prohlea  in  tha  class  of  elliptical 
dsct/dcatovrs,  than  tha  rcot-aeaa-sgoare  difference  in  the  velocities 
alaag  tha  length  dnct/ccntour  (charactariting  it  be  value  ofi  error 
darinf  satisfaction  to  toondary  condition)  dcr.ing  the  variation  of 
tha  relation  of  tha  sesi-arcs  of  ellipse  b/t  is  tha  range  froa  0.1  to 
ILQ  his  tha  acote/sharp  aiaiana  vitfa  b/a=0.(4.  The  value  of 
root-aaan- square  diffarceca  in  tha  vaJbccitiss  comprises  in  this  case 
afeeot  7o/o  of  velocity  cf  tba  undisturbed  flow.  Froa  this,  as  is 
evident,  sufficient  rough  estimate  it  fdletted  that  the  doct/coatour 
cf  t b*  separation  zone  van  close,  tat  it  decs  net  coincide  with  the 
ellipse  vkose  aajor  axis  is  directed  alcqg  flov,  while  a in  or  axis 
ccBprfses  approxiaatel;  0.61  froa  aajor  axis* 

the  oothed  of  the  joiqt  solution  of  intereal  and  extorior 
jr-obldo,  proposed  by  f.  S.  SedcvsAiy,  echos  it  possible  to  dotoraino 
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do  ct/ cos  tour  vitb  high  accsracj/prccisioax  fig.  5 in  coordinates  *~J~ 

ai  5 — t~  deplete  the  dact/cc*tcar,  calculated  bj  T.  S. 

*» 

Sadevskij  on  STefB  * digital  ccapetcz]  (are  plotted/applied 

also  to  tke  flow  line  of  iatereal  floa  ekes  t - — 0.0!;  —0,02;  —0,03;  f it 
is  referred  to  tke  valee  ci  eddy/vcrtei  Qm  and  tke  sgaare  of  tke  half 
cf  tke  length  of  zone) . 


fable  gives  the  reduced  coordinates  of  dact/coetoer. 
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0.282 
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0.143 
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0.243 
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0.2395 

0.010 

0.0315 

0.106 

0,157 

0.275 

0.258 

0.015 

0,0424 

0.120 

0,173 

0,300 

Q.W 

0,020 

0.0(21 

0.155 

0,111 

o.na 

0.2  Ti 

is  is  evident^  the  thickness  rati>c  of  the  dact/contoor  of 
separation  zo$e  6.599*  i.c. * is  close  ta  estieatioa;  the  fora 

cf  doct/coBtoar  is  close  to  elliptical  iq  tie  range  of  tke  naziaaa  of 
thickness*  but  it  differs  fxca  the  elliptical  oitk  approach  to  the 
edges  cf  dect/contoor  to  the  side  cf  tbe  larger  sharpening  of 
dact/contoor. 
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If  of  interest  tlic  coeparisoa  of  tbe  fcra  cf  tbe  duott/coatoer  cf 
Uiim  floe  with  1*-*-  and  4*0  aitb  tha  dact/ccgtoar  of  t J§* 
separation  zoqe<  obtaiaed  froa  tit*  aeifridal  sc lotion  of  tbe  task  of 
tfc*  floe  arooad  tbe  flat/pleae  syasetrica k body,  described  by  tfa* 
wgaatfcas  of  qaa'ye  - Stokes,  aitb  tfca  node rate  Be  aaabeca,  Oatil 
reoeaply  aitb  tbe  aid  of  tie  neaerical  aekbcds  cf  the  sola  tic*  of  the 
equations  of  qav'y*  - Stokes,  it  eas  passible  aitb  safficient 
accocacy/paaclsioa  to  oltain  tbo  floa  aooasd  flat/plaaa  syasetrica 1 
to die*  to  Be  aaabar  os  tbc  order  of  100.  Becaatl;  zones  and  Kbanratti 
[2]  ais  obtained  tb«  oaaecical  solatioa  of  tie  egaatio^s  of  sav*ye  - 
Stakes  foe  a circular  cylinder  aitb  0**500  aiti  tbe  applicatioa/ose 
of  a sufficiently  saall  eesb  (14000  pciatra  cf  scab)  and  aitb  tbe 
eppenditor*  of  long  tiae  (19  beer  to  on  XBB36G,  aodai  75).  ?boy 
obtained  aitb  Be*500  tbc  cocxpecfccdly  thick  separation  zeae  aboco 
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tote  sharply  differs  fret  t£e  eloa gated  aleag  flow  separatioa  tomes, 
cbtaiaed  aith  tka  aaallar  S«  Boaters  bet*  it  thair  inherent 
ctlcoittlou  aad  other  aatbera'a  «crks,  aad  alee  la  knosa  experiments 
[11 3.  Za  Pig.  6 ia  ooofdia ates  *—jr-  P— tk«  deefc/coatoor 

cl  the  separation  zcae,  ottaiaad  is  eerl  [2]  aith  2e=500#  is  compared 
eitb  tbs  dact/coatcor  of  tha  aapataticp  soft  af  aaxiaau  flow  uith 
See-  dad  A»0.  (Pacing  fba  aaa  of  data  af  the  seek  [2]  for  the 
d«ct/€cstoir  of  the  saparatioa  zone,  aaa  hexeptad  the  flea  line  $— 0. 
ehile  distaaoa  bat wean  cuatcrs  of  circalar  cylinder  aad  bp  the 
position  of  the  aaxiaaa  ol  the  thiehaesx  of  to pa ratio a zoaa  was  takas 
as  egaal  to  ^).  The  coaparixoa  of  dscfc/caetcers  tastifies  to  tha 
approdch/appresieatioa  cf  tha  pictara  af  stalled  flo»  already  with 
8<r«50<$  to  the  pictara  of  aaxiaaa  f Jos  aith  Ia*»  aad  A»0. 
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Sage  12. 

{ 5.  Ob  previously  proposed  aodels  f.'r  description  of  aaxiaaa  floe 
aitk  lr>». 

Tke  ieportance  of  obtaining  aaxiaaa  steady  floa  with  separation 
acts  for  ike  study  of  floa  *itk  the  aedarate  I«  nanbara,  in 
pertitalar,  aitfa  tie  aid  of  tke  aetbed  of  asyaptptic  expansions,  aas 
acted  repeatedly  (for  exaaple,  see  £12]).  last  aaa  complicated  by 
iapgsaibility  to  utilize  daring  the  construction  of  the  theoretical 
i^odel  of  aaxiaaa  floa  experiaeatal  given  pi  data  of  tke  aaserlcal 
t.aloticn  gf  tke  egnatiocs  of  nov'ye  - Stores,  since  they  e,er«  liaited 
tp  noabor  fcOOO  (in  exporisoota  - dec  to  tie  i ratability  of  tbo 
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statiqaary  fora  of  aotica). 

the  first  attempts  at  tke  constructing  of  the  tkaorstical  aofiel 
cf  aafiaea  flow  ar®  r«lat«d  to  tb®  30's.  X|  the  works  of  sguir®  [3  ], 
Maya  [•],  [5]  as  tho  aaxisua  fora  of  vieccis  flow  with  B it  was 
sjroaiasd  tk®  flow  of  Kirebbeff  with  frew  boundaries  aad  tke  gai«sc®at 
liquid  in  separation  soa®.  According  to  tkis  acd®l  of  tk®  drag 

coefficient  o S flat/plao®  plat#  approached  figsl  Halt  Imfi"***  tk® 
•jtfnt  of  separation  zone  anliaitadly  groe/rese,  tbe  thickness  of 
separation  son®  increased  with  distance  fxey  plat®  according  to  tk® 
1«®  09  tb®  basis  of  tk®  fizitegess  cf  r«sistanc®  in  eaxieue 

flew,  Iaaya  [5]  was  obtained  tke  linear  dependence  of  the  length  of 
tke  separation  zone  on  Seycclds  nuaber#  wkicb  is  confiraed  by  data  of 
ejiperiaeat  and  naaerical  calculations  tc  Is  neater  on  tbe  order  of 
100.  Ic  waver,  tbe  vulnerable  place  of  this  acdel,  not  resowed  aad 
during  a last/latter  on  tics  atteapt  at  ths  theceetical 
sukstautiation  of  tb®  correctness  of  this  acd®l  * is  tb®  fact  that 
tk®  pfstulated  flow  within  separation  «zca®  dots  not  satisfy  eg  oat  ions 
cf  aokion  under  r®al  boundary  conditions  4y  separation  zoee  after 
plate* 

POOV'wefB  l.  f.  V.  sichev.  on  tbs  steady  laaioar  flow  of  liquid  after 
dull  body  with  tke  large  E®  nueber.  lepert  cn  fill  syaposiu®  in  tbe 
ccntoaporaxy  problocs  of  tbo  nccbanlcs  cf  fluids  and  gases*  Tarda, 
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(claed,  18-23  Septeabcr  of  1867. 

She  short  presentation  of  soee  results  sorh  gives  la  [13J. 

uofoasioit. 


to  shewn  ia  aprk  [ 1 ],  for  tba  execotioq  of  agnations  of  aotioa  eithin 
separation  none  with  the  postulated  picture  of  flow  (case  of  fke 
degenerate  flow  without  circulation  auclaaa  s«1i  are  necessary 
special  boundary  condition*  (aaxisally  powerful  dissipator)  are 
absent  froa  the  real  task  of  tke  floa  erosad  body,  aad  coxsegxoatly, 
tkis  eodel  is  inapplicable  for  describing  tie  Uniting  condition  of 
viscoes  floa  about  tke  tody  of  final  extent  with  lea*. 

la  19S6  by  bachelor  [6]  was  proposed  tte  theoretical  aodel  of 
caxiaaa  flow,  in  stick  was  considered  for  tte  first  tine  the 
dependence  of  floq  as  a whole  co  tke  bcusdary  conditions  within 
separation  sox*,  governing  the  intsasity  of  circulation  flow  in 
separation  zoae.  (Belat Josskip/rati*  between  tte  extent  of  the 
•ctioalesa  end  eoweble  sections  of  the  duct/ccatowr  of  separation 
sjoge  is  one  of  the  par  a octets*  detsraiaiiig  tbs  aagaitade  of 
eddy/wortex  at  the  arbitrary  fera  cf  tke  dect/ocntoar  of  separation 
sope)«  According  to  bachelor's  theoretical  aodel,  in  Maissa  floa 
w idh  Se-w  the  extent  of  separation  sens  oeaaiff  final,  c.  — 0,  tbs 
jaap  gf  Bernoulli's  constant  on  the  hordes  cf  aeparatioa  soso  is 
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final,  the  d act /contour  of  the  separatioq  sene  in  region  of 
ccgnedtieq  hea  the  zero  angle  of  scarpering.  lewnr,  the  attenpfs  to 
chtaia  geanti&ctive  results  sitbin  the  frsteacrk  of  this  sodel  ran 
iato  ioucao?«bk  ceapataticanl  difficult!**.  Oa  tka  basis  of  data 
given  ia  { A 2 present  articles,  it  iq  possible  to  coaclade  tkat 
thgse  difficulties  are  foadaaeatal.  fcca  tfccse  data  it  fallous  that 
aith  the  finite  gaaatit;  cf  the  junp  of  Serrculli's  constant  on  the 
icrdet  of  separation  sou  | J>01  aitk  the  esiss  cf  f lc-  with  constant 
eddy/vortex  aitkiq  xose  uiti  asternal  isrpteticnal  floa  is  noceasarj 
the  final  (conparable  aitk  size/di nans icq  cf  d etf  body)  thickness  of 
recurrent  Jet  in  the  range  cf  connection,  thick  is  incoapatible  aith 
zegoiienest  c,~  o. 

Eage  13*, 

aodel,  proposition  in  aork  £1]  (see  [13]).,  it  is  in  essence 
extrapolation  to  the  large  le  nasbers  gf  aetbors's  knosn  exporiaental 
results,  for  thick  it  was  possible  to  tighten  stationary  flot 
c£$ditions  titb  the  aid  of  the  dividing  plate  aftar  circular  cylinder 
to  f-stsber  Bex.170  (eitkont  the  dividing  plate  stationary  flow 
ccqditions  a as  disrupted  aith  Be~h0)  < lococding  to  tkis  sodel  in 
eaxinua  flot  about  the  tody  of  final  oafc&st  aith  Be-*-,  tka  flot  in 
aaparatioq  zone  regains  viscous,  the  wstoau  of  zone  onliaitedly 
increases,  the  thickness  of  eoparatica  zoae  a a prices  the  value  of 


81 


BSC  m 78104201  P16E 

the  order  o£  the  transverse  sise/dissssios  cf  hefty,  the  coefficient 
cf  static  pressure  on  the  tack  side  of  body  is  retained  constant* 
p-r0.«5.  In  order  to  observe  the  a«gscec«  dcrisg  tfco  extrapolation  of 
the  ofperisantal  data*  obtained  with  the  saall  $e  aaabers*  to  the 
large  Be  Quakers*  should  extrapolate  espsriiestai  conditions.  The 
fact  |s  that  the  length  of  the  dividing  plate  in  osperioa^ts  with 
ae all  Be  always  constituted  a value  of  ti*e  order  of  the  extent  of 
separation  zone  and  several  tiaes  exceeded  the  transverse 
sise/dieeQsion  of  bod;.  If  we  visualize  that  aith  an  increase  in  Be 
oaaber  and  an  increase  in  the  extent  of  separation  zone  the  length  of 
the  dividing  plate  also  increases*  reselling  always  the  value  of 
order  /*.  then  with  Be*»-  we  coae  tc  the  picture  of  aaxieoa  flow* 
which  corresponds  to  the  case  0<A<1,  presented  in  Pig.  2.  The 
dividing  plate  by  the  length  of  order  is  sufficiently  powerful 
dissipator  which  ensures  the  finite  guastlty  of  the  drag  coefficient 
cf  syatea  body  ♦ the  dividing  plate*  agd  consequently*  according  to 
the  data  § If  2 present  articles*  ayd  the  finite  quantity  of  the 
positive  coefficient  of  static  pressure  on  the  hack  side  of  body. 

Thus*  soae  properties*  described  by  the  acdel*  proposed  in  work 
£7]*  Obey  retain  its  value  with  tree*  as  ve  see  for  other 

conditions*  for  a body  with  tbe  infinitely  extended  dividing  plate. 
Begevtr*  as  a whole  this  aodel  is  inapplidablo  for  description  of 
•axisaa  flew  oven  undos  those  changed  conditions:  data  § f attc3t  to 
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the  fact  that  tbs  thickness  of  aaparatica  acaa  aith  0<A<1  comprises 
the  value  of  order  th  and  aot  tder  d,  as  this  follows  fooa  aodal 
£7  tad  flow  within  tie  taaga  of  circelatica  flow  aust  ba  considered 
with  la  • under  tbese  conditions  aa  isviseid. 

la  coaclasioa  lat  as  focos  attention  ct  tba  reseeblance  of  soaa 
properties  of  waxiaoa  flow  to  stationary  separation  zone  a bo at 
flat/ plane  syaaetrical  and  iiaal  bod;  with  5e-%-t  coestroebed 
according  to  tba  aodal  of  worn  £i}«  and  of  circr  *on  flow  about  ttos 
flat/plana  duct/coatoor,  strcaalioad  with  tka  be restrict «d  flow  (flow 
of  Joakowski) . Is  is  kacwa*  tba  flea  of  Jpakowski  fro*  final 
circulation  around  flat/plaaa  duct/centcar  | (assesses  thooraticall; 
infinite  kinetic  energy  of  the  disturbed  action  of  liquid  with  drag 
coefficient  equal  to  zero  in  the  steady  notion  (for  exaaple,  see 
[14])*  The  obtained  aaziaua  flew  aitb  station  ary  separation  zone,  as 
ac  sea  that  it  possesses  analogous  properties.  Otherwise  tba 
£pxaa|ion  of  steady  flow  occurs  for  iafiaite  ties  after  the  start  of 
body.  During  entire  tbia  tiaa  tba  aotiea  of  ligaid  is  unsteady  an! 
the  daiviag/aowing  body  (with  different  fres  zero  resistance  in 
unsteady  aotiea)  spands  the  necaasary  for  tin  creation  of  flow  work. 
It  aadas  that  the  raaeatlancc  of  tka  proper tiea  indicated  of  these 
flews  not  randoa,  since  bach  they  fcelogg  to  one  class  - class  of  the 
separating  flat/plane  steady  flows  whose  properties  considerably 
differ  fr oa  the  proportios  cf  tka  flcwc  of  nceaeparable. 
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fag#  25. 

Bjptcflooic  salf-siqiiao  floo  arcaad  coa§,  dift^ioyiig  along  power 
la*. 


£•  K.  BetyJ^w. 

foe  the  sloaly  accelerated  body  or  fpr  tie  oscillatory  with 
saall  fregoeacy  hypersonic  fl^w  is  •'slid  the  piston  analogy  of  Bays, 
la  aerk  ha  cad  on  the  axaaple  of  L^eraanSc  arisyaaetric  flow  past 
rosad  con®  (and  of  sedge),  driving/aeving  vith  variable  speed,  is 
epasised  the  substantially  cssteady  flow  «}«a  tie  gas  velocity, 
iaiactfd  Kith  the  acceleration  cf  bedy,  considerable,  and  piston 
aaalofy  is  inapplicable.  It  is  characteristic  that  the  hypersonic 
flea  |»  gnestion  contains  between  hyperbolic  rasges  the  elliptical 
sepa  gf  tl]o  isotropic  propagation  cf  weak  disfeasbance/pertarbationa 
•It b entropy  special  fosters/ peculiarity. 
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groblee  is  solved  ty  tie  eethcd  of  eytexaal  ead  iateraal 
aeyapfcotic  expansions.  leaexical  result*  sithic  tkc  fraseqork  of  the 
hypersonic  theory  of  the  alight  distort  aM<*  are  obtained  by  aethod 
cf  characteristics. 

fieveloped  theory  of  the  self-sisilar  ictiif  of  aethod  of 
csssaiatiop  of  the  dependence  of  the  cQtfficifat  of  wave  i aped  a nee 
f*  m ties  for  the  coae  cf  the  firite  ttfuku#  It  is  shoes , that 
dariap  the  exposes dial  acceleration  of  oeeg  *•  caa  iacrease  the 
aaxiasB  tqo  tiaes. 

{ 1.  ferae lotion  of  the  pee  t lei. 


the  quiescent  with  t<0  (t  - tiae)  coae  or  sedge  at  the  eoaeni  of 
tjlae  h»Q  begins  to  eove  iq  ideal  perfect  gas  according  to  the  lea 
x**m—btm,m hare  h - positive  divisional  cpjxtast,  x0  ~ longitudinal 
oeerd^sate  of  the  apex/terhax  of  body.  flies  will  be  s*X£-»siiil»r#  if 
«e  disregard  pressure  the  undisturbed  gas  *. 

PC0JB8SB  a . faking  into  ncccoat  pressure  undisturbed  gas*  the 
flow  will  ho  solf-eisilar  cslf  with  ZMCg  if  b«dy  accelerates,  aed 
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citb  t<ta,  if  the  actioc  ef  bod;  dscelczetc*^  4-(^-)*=7  “ 
characteristic  tics,  aa  - spaad  of  soaad  is  tbe  i— list ac bed  gas.  iith 
i*1  is  feasible  the  see  cm  at  of  pressure  tbs  apdistarbed  gas. 
IlBfOflSSatK. 

this  floa  occars  ia  tbs  viciait;  of  tbc  sbazp  «(<i/vertei  of  the 
arbitrary  flat/plape  or  axiall;  sjsactrical  body,  akicb  accelerates 
ever  fever  lav  depcadia$  cp  tiaa. 

let  as  relate  the  daps  it;  of  gas  te  the  deesit;  of  tire 
eadisterbed  gas.  the  cc splicing  speeds  alppg  tbc  axes  z*  end 
copaacted  aitb  the  apep/vertex  of  the  bod;  {axie/azis  z*  coiacides 
vitb  tbe  direction  of  the  incident  floa,  azlc/axis  ;•  is 
perpendicular  to  it),  tc  the  rate  gf  the  sctica  pf  bed; 
aad  pressure  - to  tbe  density  cf  the  apdisterbei  gas.  ae  At  i plied  b; 
o**. 


Cage  16. 

tbps  the  equations  of  aoticn*  contieait;  aad  inflow  of  heat  can  be 
arifcten  ia  tbe  fora 
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(#-*)«.  + {»- P)a,  + w(« - JJ+  y/.f*0; 

(a-a)o.  + (t>-g)*p  + wt>-fy/,  = ();  (J  ^ 

(«  — a)  p. + (a — ?)  f, + P«*  4 pi^  4- ^ y - 0; 

(w  — c)  cS«  ■{■(t)  — P)  S,  4 2#S  * 0* 

mm  9e  P»  8p  * " CiMMiealoM  pMSSwres*  deaaity  as4  the 
c#«pe|ais6(g  rates  aloof  the  cmj  x*  as!  f»i  » **°  foe  pla*e  flow, 
»o»i  - for  axlsfsmtslc; 

s~pr'>  *=jp.'  m=sV*l<1 

<7  - Adiabatic  ia&ea) . 


e - dineasio^less  velocity  of  propagation  cf  shock  wave,  p=flt  («) 
- the  fees  of  shock  wave*  6 - a csiapax  aqglt  of  coae  or  wedge. 
S.eeadArf  coaditicms  will  he  conditions  ozj  the  shock  wave: 


u 


. . . 2c  eta  a . a . 2c  cos  a 

<».«-> — y+t  ■ vl“’  M-Jjrr 

/■<«.  Pa=,-^J  : K*.  }i 

C «.  p,  COI<s-f(l  — ajaine;  tg3—  $, 


n.2> 


sad  cfnditioo 


t>(a,  fe)~a(B,  &)*£*; 


foluo  c is  egeal  te  distasca  Ires  50 |st  {1.0.}  of  tacgoBt  to 
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shock  im  at  point  (a,  ft). 

flitk  a»0  is  feasible  tie  account  ef  pxesssra  the  as  di  star  bad 
gas;  in  liaaar  satting  this  task  was  ataaiccd,  for  ezaapla,  ia  works 
(1]«  C2]. 

lefora  transf er/cotverting  to  the  stady  of  hypersonic  flow,  lot 
as  exAaina  sooe  pro part las  c£  flow  ia  the  general  casa.  la  flow  tkars 
is  an  elliptical  caaga?  wlers 

A> -(«-«)» + (a  - ?)*<7-f  - o*. 

fa  tba  boendary  of  this  raafa,  la  arrange/ located  c bar act aria tic 
fpr  self-siailar  floss  eatzcpy  special  feat  ere/ peculiarity,  Sisco  tka 
sl«fe  tangent  of  trajectory  * in  plana  mfl  tc  axle/axis  a im  equal  to 
wfi/o~m0  first  singular  pcipt  is  arraaga/lccat<d  on  body  and  has 
coordinates  «a*u,  Pe*tr,  tkaa  singular  point  is  arranga/loaatad  on 
bod;  asd  has  coordinatae  «e*a,  p9a*0  wkiok  correspond  to  tka  position 
cf  the  "narked*  particle  of  gas  of  the  particle,  arrange/located  with 
t£Q  is  the  beginning  of  cooxdieates. 

FCOS$#?S  1 . Tri jsoieries  pinna  e£  let  us  call  the  characteristics 
according  to  qbick  axe  spread  eattepy  diet  a tka  ece/pertorbctioa®. 
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fli*  effect  of  tii*  apex/vertex  of  body  co  tie  flow  of  gas  is 
localised,  fh*  doaaia  ot  «ti«ct  is  separated  frea  the  r:tage#  iaaua* 
to  to  the  effect  of  apex/vertex^  by  reecvakla  discontinuity.  la  th* 
flat/plane  case  ia  the  rang*  tpheca  does  aot  sandiest  itself  the 
effect  of  the  apon/Tevt*s«&0  aakaouc  faoctica  till  depead  oa  oae 
coordinate  y*^cosS-*sind-  flov  eill  he  the  ssss  as  after  the  fiat 
pistes,  shich  are  expanded  according  bo  the  las  y=const  £3],  £*).  la 
the  a$isy»»*tclc  case  tie  sciatica  of  .prohlce  is  the  range,  insane  to 
to  thd  effect  of  the  apex  ef  the  ccge,  vbilc  explicit  fora  is 
enknoas,  by  its  it  is  neceexary  to  find  aay  numerical  netfrod  (for 
ejtaaple,  by  aethod  of  characteristics)  cr  sith  the  aid  of  expansion 
is  sexies  in  the  vicinity  of  point  *■"’»  nbcrc  tic  difference  with  the 
flat/ plane  case  disappeers. 

Jsst  as  in  the  staticaary  case,  if  asgif  li  of  sore  critical, 
shock  wave  is  disconnected  iron  the  apex/vertes  of  body  i!)  vicinity 
cf  ah|cb  is  arrange/loceted  elliptical  raegc. 

lor  the  solution  of  preblea  by  es  6 11)  to  segaired  another 
eiyoaficns  in  the  coordinates  one  of  vhich  coincides  oith  body 
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aid  uotMc  is  (ts^aiicilc:  to  it. 
y»0cof&-csin6. 


SjstM  of  enactions  (1.1)  As  c»or<t&ns4«a  a,  f takes  fcfes  foci* 


j 

{«  - x)s,  + (o  —y)v,  + M(ft  - co*9)  + -y  p,  — 0; 

(a  — x)©t  + {v  ~y)vf  + at  (v  + tlnfy  + y p,  = 0; 

. „ . , . aslal  + ocost  ,, 

(O  - x)pt  + (V  - jrjfc  + pa,  +pt>,  + - 0; 

(a  - x)S,  + (© - y)S,  4-  2«S  - 0. 


ftoaditiofts  en»  the  ebaeSt  save  [y*yg  M ] «®d  on  body  (y-0)  accopt 
the  fifUevisi  faros 


*(x,  cost  - 

v (x,  yt) sir.  o 


2c  y\ 

i*f  i^7T+^r  ’ 


•(*.  /.)= 


i±i. 

i-r 


+ 


2c  1 

f+1  y I +•  y\' ' 


P 


x.  yt)  = 


2c* 

T+r 


+ sin  5 — (x  — cos  «)/, 
VI  V/» 


r(x.  0)—0. 


(1-4) 


(15) 


if  angle  O la  nailer  than  critical*  tie®  shock  wave  is 
ee^neCted  to  body,  and  to  apex/vertex  alii  adjoin  hyperbolic  range. 
2-a  the  vicinity  of  apex/vertex,  is  established  stationary  conical 
flea,  all  dieoaoiooloss  q cacti tics  depend  cs  ratio  e/0.  If  e«0,  then 
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dcptUitce  is  trail*  up  to  the  aaxiaaa  characteristic  aftac  vhieh  aro 
arrsa|a/locat«d  traasoaic  atd  fattier  tUiiticil  of  xoae.  Tha 
elliptical  seta*  indedsd  bciaeea  kffactalUe  ranges,  has  trarioas 
ferns  for  tha  accelerated  i»0},  retarded  (a<0)  and  uniform  to  (a*0) 
actica  (Fig.  U,  b,  c). 

Pag*  18. 

i»«£dgj  special  ieatore/peceliarity  at  poi^t  ^ is  shosa  oa  Pig.  t by 
asterisk,  aaxiaos  charactatistics  - fcy  dotted  a isos.  Par  accalatatad 
bfcom  tha  spaed  of  sooad  act  body  after  FOiai  se  is  egoal  to  zero; 
therefore  information  afoot  floa  for  it  dost  act  penetrate.  Tha  lisa 
cf  renewable  discontinuity;  abich  is  aaxiaaa  characteristic,  passes 
through  tha  aiagalar  point  (fat  Pig.  to) v l c the  casa  of  incraasiog 
motion  of  oaiga  Kg**  com  4.  Per  retarded  action  the  spaad  of  sound  of 
bedy  after  "ear  tod*  particle  ia  in fia Italy  great, 

distoxbaoce/perturbatioas  art  spread  iaaad lately  bat  entire  surface, 
tha  line  of  renewable  diaccrtiauity  and  the  line  of  parabolicity 
aayaptctically  approach  a hedy  with  (acc  Pig.  1b,). 

Tie  uhissieal  fora  of  the  domain  of  tfee  affect  of  apex/wertes 
aad  the  presence  of  entropy  special  featnre/pccaliarity  load  to  the 
specific  aatheaatical  difficulties  daring  tic  numerical  integration 
of  the  eguationo  of  solf-aiailar  actios.  Upder  tfeo  conditions  of 


«C  * 79104202 


Pica 


tfiefc*  fates  t|re@  paraastfra:  i«  «e4  a «4  7.  liter  asiag  the  aethods 
at  external  a«d  iaieraal  agyaptotic  expneicss  £5],  let  a*  exaaiae 
tSha  t&mscf  si  aUfit  tlstctftuoea  A<l).  t|«  theory  cf  thin  shock 
toycr  «*•  l«»tea*a  theory  (*=«>. 

$ 2.  theory  of  the  alight  diet aria teas. 


let  aa  pass  to  the  exaciaation  of  hyyeisceic  floa.  Let  the  apgle 
6 be  safficieftly  saall,  2 bock  save  connected  tc  body,  after  assuaing 
6*1,  jpo,  in  accordance  with  the  t leery  o|  alight  disturbances  [6] 
let  at  present  the  sciatica  of  systea  (U)  in  the  fora 

« — 1 + 0(1*);  o=H'(«,  ^)  + 0(l*);  « 
p = t»f*(x,^+  0(V); 
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Fagf  19. 

Sabatitatlag  tkeae  valves  ia  agaatioaa  (1.1)  aad  diacegardicg 
lfia  adccad-oKdar  gaaatities,  sill  ofctalp  IclJosiag  ay  at  as  of 
•qsat^oas  foe  deterainiag  tie  faactioaa  Kg  t aad  Is 


( 1 - •)  V.  + ( V - a)  V,  + « V'  + i-  P,  - 0. 

(1  —«)/?•  -f  (V  • + 

(I  -*)P.-f< V - X)  Py  + 2*P+  iP(  V',  + vf)-0. 


NC  9 78109202 


M6*  J|JL 


Boatlac;  conditions  (1*2)  sad  condition  cs  body  are  centerted  to 
thf  f«ra 

#<«•  PC*' u)-^pj:  M 

*— %M+0  — •)%(&.  V(«,  «)=!. 

She  doaain  of  the  effect  of  tin  apex/vertes  of  body  stretches  to 
lise  #*1.  Os  this  lias  tbs  aakaooa  sclatipa  cer responds  to  tbe 
sciatica  of  tbs  problen  of  tbs  self-siailar  sotioa  of  flat/plsas  or 
cflisdricai  piston. 

1.  Systsa  of  egaaticas  (2.2)  is  story  after*  hyperbolical.  This 
feet  afikss  it  possible  to  atilixs  for  itbe  edition  of  problsa  or  for 
fisdisg  of  the  initial  flat*,  necessary  for  tbs  masrical  integration 
of  systsa*  a aotbod  expansion  it  series.  1st  is  examine  first 
appxo$isate  solatlon  of  tvo-discssiosal  prctlee  in  range  c{1*  bet  as 
preseat  feactioa  in  tbs  fpra  of  a aeries  according  to  degrees  of  e, 
after  being  restricted  tc  tso  terns  cf  tits  expansion: 

V~  J + mVt  + 0 (*»*);  P-  + mP,  + 0(**); 

(2.4) 

+ + 'h  = Iy^«f  ««.(•) 

Vbe  aabaovn  sQlaticn  is  represented  ia  the  fors  of  tire 


i 


converging  series: 
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Pi (*.  *)-<T+  0* in n *■(•-*  + *.)(!  - *)^[(^-  lit*1  + 
+*•  %=l  - ' ')(- 1 “ LT^i'  + *1^T  - ' + *)f  = 

0 

fr  i.  - I . * „ 1-f  j _ 3-t b . 

h IT  v®»  ^ | j * • 2 2 

. • w 1— A 

• I • - • » 


K2.5) 


(age  20. 

Jn  the  ease  |*2,  series  break  themselves: 

Pt  — 3ln(l  + «—n);  fS| (•)  =»=  ®^~2 — ln  ~~2 ® •"gr*ld  (I  ■*•■’•)• 

At  Xoe  aaiaas  a,  eifstsioa  (2.1)  glee  a ufipfcoticallr  exact, 
solution.  therefore  an  error  is  the  expansion  ahoold  be  estimated 
vith  |*1.  Be  have: 


Ml.  n) 


Valeea  P\(  1.  t)  mad  a«(1)  coincide  aibh  the  appropriate  solution 
linearised  by  pars  #e tor  ■ >sf  the  oae-dieeasioBal  task  of  the 
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expansion  of  flat  piston  the  accnracy/pzecixios  of  solation  of  vhich 
is  antiafsctory  for  ssfficisotl;  lev  valnta  of^4  So* 

(l»l*43S{  0.441;  0.461;  1. 95  mpcctinl;  for  r®4/3* 
7/5*  5/3  sod  #)  vtOXl,  Md  sclnticp  ilosss  physical  sense;  with 
a<-0. S#  as  is  fcaoqp*  th«  sgletion  cf  prohlsa  yet  at  all  has  physical 
MM*  £7]. 

2.  Let  as  exaaiae  eolation  of  azisyaactric  probles  is  ranga  c^l. 
At  a great  distance  froa  apez/ vertex  («♦«)  ths  flow  of  gas  sill  be 
the  sase  as  after  flat  piaten.  Approxiaate  aclatios  caa  be  obtained* 
after  expanding  the  ankaoga  faocticos  is  ike  vlcisity  of  the  infiaite 
point  in  n series  according  to  negative  degress  4-  Da  sill  be 
restricted  to  the  siaplest  case  of  the  oniicra  action  cf  cose. 

#*=*—{  4|—  « - + ur'o,. 

Vhe  sign  of  saaaatiop  ever  index  i(i*1*  2*  3*  •••)  is  lowered. 
After  sebstitating  ezpatsigs  (2.6)  iate  egaaticys  (2.2)  aa|d  under 
kyuUry  ceaditiogs  J3.3)  and  after  select iag  terns  with  identical 
dsfrsS  % ea  sill  obtain  ths  systea  of  esdiasry  differential 
egsatioaa  for  dstsraiaiag  fasetioaa  V„  R,  and  p>  sith  the 
appropriate  boandary  co Editions.  Ptca  thin  systea  of  sfaniioes  and 
boandtry  conditions  ahich  for  brevity  are  act  hero  extracted* 
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fHcMins  Vb  jih  pi<  ui  efsstaats  «#  am  «J*s  4«issil»ci 

Ms  «!•  first  ItoM  Has  fl  nfisttw  i1.i)  » haw: 


(T+1)(T-J)’  I7t,  + 25Tj-15T+1 
& 


tHt  — 1 . 

'TT* 2t  -1  ’ <h~ 

fTI Hi  L3jz4f-±»T-6 . 

2 | 72t—  +[T  2 (t7-S)C2T-lf 

t2i-Iw  t—  1 <7t  — 5)C2t— I) ^ rH  I' 


r*  — — 


*S  4 

« !• 


tba  accnracy/preciaioq  of  aatfegd  caa  b«  caW/atUaatal  ia  tor  as 
of  tba  falacs  of  fancticas  aith  e»1.  So,  sben  .7=*  1.485  t|i(l)  ia  agaal  to 
1,4202$  in  the  first  approxiaation,  1.121  - la  tba  aacoad  a ad  1.081  - 
ia  tbs  third;  vaisa  Pfl.1)  is  raspectivaiy  cgual  to  1.20f£  0.825  and 
1.030  (pzocisa  mica  n»(U  is  agaal  tg  1.091,  the  pracisa  value  P(1. 1) 

- 1.045]. 

the  saae  aaffcod  of  approxiaata  salable a af  axisjaaatric  task  la 
tba  range,  insane  to  to  tba  aflect  of  apar/vartax,  caa  ba  caad,  also, 
aitb  s»0;  hovevar,  calcalaticns  is  this  cast  pxcva  to  ba  sora 
labor^ooa,  since  tba  task  of  tba  ixragalax  aotica  of  flat  piston, 
gagerAlly  speaking,  dooe  not  have  gatdsabara  solo tics.  For  astiaating 
pxgssare  distribution  in  ranga  «>1  ii  «sginceric«j  calcolatioas,  it  ia 
possible  to  assess 

P(*.  -f- -^P*' 


(2-7) 
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flora  e9|  - praassct  *8B  flat  piatop,  * «*  cyliiatsical. 
tealof oasly  it  is  possitla  to  datarsiaa  d«f«a£opc*  % etc. 

1.  roe  fasthpr  taz$aVf° spoaaa  cf  coaacaiaatl;  util  iz  lag  Biaas's 
ccoxdi&ataa  a aai  t ft  - fapctioa  of  carcoat).  Veoa  agaatioaa  (2.2)  aa 


find 


„ . Cl  -«)*’„  _ (\  - »\*  V . 

''♦  + -w-ft.=  - *(— ) u-. 

(I  -«)  V.4-(1-^p;P»=  - «P. 
Pa  j i — « p"  -^2-  — ^ 


afccra  /ft)  - cart ala  acfcaefp  fo&s&ie*  cf  it  a «zfsa£st*  7*=tf(«)  * 
as&itaor;  list  ia  plaaa  ♦.  *-  Oa  tody  aariaca  t~0.  assd  ea  shock 
aava  t - (■)-  fhas  hoaaiaty  cpaiitlccs  (2.3)  aocapt  tha  falls  via  9 
fata: 

V(«.  ti)  — * P(B-  : #<9’ *•>-*“{ : <2-9> 

VC.  ♦,)-<■ -XI 1 {110) 


0)sl;  0)w« 


S€£  « 7«tS32S2 
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Ccsditia?  £ss?  •$(«,  ft)  is  $fee  cegsegsteses  of  tfe®  last/iatter 

mt  GQ9& iiigss  a facet  »evo. 


{a  tijQ  wici&ity  of  tfca  ap«a/v«rt®s  of  £«dy,  lei  as  present 
icletlcfi  is  tk®  fora  ©£  a aeries  according  to  degreoa  a: 

V-V#<iJ+«VlW  + ...;  *-/>.W+«P.«+-..s  Uln 

#-#;«*)  + «*?, W+-..S  i-«Mi)+*9V*>+  i 
* • 

after  sabstitatiag  expcosiOB  (2. 11)  igtc  egcations  (2.8)  aad 
after  gathering  tor* a with  identical  degree  «•  it  is  possible  to 
cfctai*  systoa  of  ©g  stations  for  the  consecutive  deteraiaafcica  of  tfeo 
tors*  of  series  (2. It).  It  grovos  to  be  -that  8$$ewm  egoations 
for  tSo  first  t&ras  of  espessioa  f sod  t*  fomxMb&s  (in  the 

variables  of  iagrn&ge)  flee  after  tie  «r  cylindrical 

piatoc,  drivi^g/naviag  with  cossiast  velocity. 

Cage  22. 

As  ia  known  fro a tfe©  hyperscaic  iaeory  ef  tie  slight  disturbances, 
the  oAro  flo«  is  reelisad  dtrisg  tfc©  static  tat  jt  hfparsoaic  £)o» 

•‘'siad  cos?®  or  vodga. 

Ecr  a @o4g©  it  ia  easy  to  fied  satsosgneat  eoeters  of  ©npa&sios 


<2. 1 U i 


(2.12) 


aoc  * immsoz  rs&t 


Ptasi  & |-  ; %*"  J *$* 

s&z  tzo®  fc&©  ap©s/««r$€2  of  «^Sstic®  (2.12)  eta  load  to 

larges  error  tfeaa  aoletio#  (2^5). 

Ssptcsioa  (2.11)  d«®srifc«s  a»j©pt<stt«  to hosier  of  £ asset  loss  la 
fbe  z^cinity  of  apcs/zeztas*  if  «as  e*ad  fez  deteraiaiog  tfea  iaitial 
date*  ssss.sas;  for  fcee  celcelatioa  of  floe  iy  t<stkca  «? 
«isract«dstics. 

4.  Syxrtea  (2.6)  isaa  tsc  faailies  of  seal  cfe*raefc®rii5f  ics: 

; o~*  vA|  . $J3> 

aleag  aJiick  are  felftllad  4:lfi&s3at£s&  aBi61t&c$» 

Mn©  Hi  is  person  iios  characteristics ; sitfc  e*«1  fcho  t&oymt  of 
eagle  cf  fcfce  slopa/iacliiaat i.cp  of  cfearactArisfiezi  to  asi.©/asi» 
aalicitedly  groe/ri css.  on  the  lisa  s**1  of  tfc<a  e&erecteristi/;  of  both 
they  pear. 

la  raof©  «K1P  the  p/cosbles  was  seized  fcy  ESsSG  (digital  c©sfQt@x) 
fey  mtbc&  of  charoeieTiat ics.  Is  iaitial  data  ccro  cccopfesd  tfco  first 


tssras  of  esgaesica  <2.11}«  Is  the  erisfsasttit  esse  the  spstea  of 
48fest4os#  for  d«tarainisg  these  aesfcars  sh*  solved  fcf  toage-latta's 
rahhod  sitfc  the  casetaat  space,  eg  cal  to  1 1/32.  Lise  ebich 

carries  data,  it  was  selected  fees  the  coaditics  so  that  the  solution 
€&  Use  s®2«c#  obtained  bj  atfchod  of  character ist ics,  eould  differ 
free  the  soletios,  corresponding  to  the  first  tarns  of  series  (2-11), 
it  is  less  tfeaa  ta  I04,  « She  soaker  cf  poiats  is  laj*z  was  retained 
<3?$stai3t  esd  it  was  egaal  to  33.  The  calcalaticf  floe  chart  for  four 
feints  in  layer  is  shoes  09  fig.  2.  Hy  dsttsd  lisa  is  show  a taw 
characteristic,  passing  threagh  the  pcirt,  arrspge/located  to  half nay 
direct/straight,  that  ccngecis  point  op  sheet  save  froa  adjacent  the 


» immzQZ 


fig.  2. 


fage  23. 

Bitb  auaerical  coast  it  ass  nacessary  tc  salve  th«  eleseotury 
prefeleas  of  the  calculates  of  field  p^iqt,  (dpt  on  body  and  points 
ee  shgck  wave  [8].  lha  calculation  of  field  pcift  was  performed  with 
caa  recalculation,  resale  4*  g elaaaatary  psetleas  aere  solved  with  tao 
recalculations.  Bitb  a - 1 *■  - ~ tbfzctcrc  tie  pxobles  was  solved  to 
values  o® 0. 95-0.98 . 

fig.  3,  gives  dope^dk&ca  pressure  cq  *«dgc  and  density  on  «,  and 
else  tbo  fora  of  stock  asee  a for  tb«  different  raises  of 

p&randtor  e;  fig.  4,  stces  tho  ccae  dc^ctydaeces  for  an  arisynnotric 
task.  Calculations  vere  perferaed  for  a valce  y»1.t05.  Tto  eolation, 
c&taieed  by  eotbodi  of  character ist ics,  van  aated  vitb  erect  eolation 
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*£th  f*1.  It  is  Mtuad  tkit  fckn  eitot  it  tke  ilKfdaitip  c£ 
pressere  does  not  esceed  Jc/o#  bat  la  dctarsigstltia  »Me)-  1 e/e.  7&# 
ccapazisoa  of  tka  naaerical  sciatica  of  task  sith  8*0  «ltk  feadratare 
shesed  that  for  that  selected  In  Pig.  3 sad  4 scales  aa  error  la  the 
noaerlcal  cooqt  ms  negligible  op  to  line 

As  can  be  seen  froa  these  give#  to  #ig.  3 and  4 curve /graphs, 
check  nave  in  the  flat/ plana  case  coatees  with  a>1  and  conoave  with 
b<1.  site  w-w.7  tap  carves  S{e,  a)  a ad  tji  — « a|arply  grov/rise  near 
line  e*1  (gi(l)  m 2.76,  P(l.l)  *=*3.02^  For  the  high  values  of  paraaeter  c, 
dependence  P(e,  a|  has  a ue  sines  near  aeak  discontinuity /interruption 
(o»1),  ahile  for  safflciently  lov  values  of  n - ainiaaa.  Sas  density 
vith  increase  a approaches  infinity  for  accelerated  flGo  (n>1)  and 
for  zero  - for  that  retarded  (n<1).  Case  a-*-  (i=1)  corresponds  to  the 
task  cf  the  sot icq  of  ccne  or  sedge  expcqactially  depending  on  tiae. 

Qualitatively  the  case  nature  have  dependecces  in  tba 
asiayaaetric  case.  With  n$2/3  scloticn  cf  tac-dieonsional  problen, 
there  are,  therefore,  there  is  no  eclotioas  of  azisyaaetcic  problcs, 
sirco  vith  cr**  the  f lov  cf  gas  the  sas«  as  alter  flat  plstoa. 


•OC  m ?lieu»2 
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Epgever,  vlth  1/2<n£2/3  there  is  sciatica  ci  tkc  probles  of  the 
•elf-similar  penetration  gf  slender  ccf«  if tc  tke  half-space  of  the 
harassed  gas,  since  is  this  cut  it  ssffitfa  tc  obtain  solution  ia 
tmqe  <r£1,  after  accept  lag  place  :?  = &•  if*  Q beyond  solid?  boundary. 
that  correspond  to  sols  ties  sitb  s=S.55  is  «•$•£  on  rig.  5. 

let  as  note  tbaf  tfce  task  cn  the  accelerated  pcmetratioa  of 
Bsdgo  the  half-space,  filled  by  quiescent  gts,  is  equivalent  to  the 
task  >jn  the  hypersonic  flow  around  the  dolt«~lik«  wing  of  rhoabifora 
cross  section  with  alternating/ variable  (exponential)  sweepback. 

fbc  second  terns  o t external  expansions  fer  speed  u Ipave  a gap 
ca  special  line,  in  acfoality  tbis  gap  auat  not  occur.  Consequently, 
in  the  vicinity  of  special  line  the  external  expansion,  which 
cot} fines  entire  elliptical  field  intc  straight  line,  incorrectly 
describes  the  picture  of  flew.  In  this  range  it  is  necessary  to 
ctilife  internal  asysptctic  expansion,  aitfc  this  width  of  elliptical 
ae§©  go  £}cck  wave  ax  (see  Fig.  ic)  ia  t£o  ecca  of  tbo  udfora  sotico 
c i the  wedgo  of  order  6 with  snail  6 sad  «*'  uith  call  r 
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l stars* l •xp***ioa  represents  by  itshll  the  lieear  dditioc  to 
the  sglutics  ml  the  protles  of  the  eapaui.ee  of  oee-dieessiosal 
piste*,  which  utisfies  the  cosditicss  of  sc  lea  eith  ext  sc  ml 
expansion  aitb  the  ealisited  i* crease  -of  lc  sgitediaal  internal 
variable  to  both  sides  ires  special  lisa  or  c*  the  lines  of  reusable 
discontinuity. 

lowever,  for  detersifatioa  in  the  first  appro* is* tics,  of  total 
actios  characteristic  - the  coefficient  of  the  aave  iapedaace  (see 
Section  4)  - it  suffices  tc  fisd  pressure  cc  body  surface  within  the 
fraaesork  of  external  expaasion,  since  gap  cn  the  special  lise  of 
higher  order,  than  the  principal  tera  >o£  expansion. 

§ 3.  theory  of  thin  shock  layer. 


according  to  the  theory  of  this  shock  layer  the  solution  of 
prohlea  let  os  present  in  tie  fere 


P 


a — cojI  + G{«);  c-iVU,  x)  + 0(tt); 
p~P(x,  $ \ 0(t)c 


43  1) 


Substituting  those  values  under  ayctoe  (1.3)  and  conditions 
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(1.9)  *id  disregarding  si  Alls  osT  tic  second  order,  »«  sill  obtain  tbs 
fdloviig  sjstss  of  sgeatiora  aid  tender?  ccfditioas  for  dste raising 

tk«  tiMtian  r«  i#  y* 

P, kPcM»:  {c«t-i)P  + (l'~^P,  + PV,,  + W?i^-0;| 

, * . (3-2) 

(e«*-s)P.  + 0'- tfP,-fPf2*-4-V',  + »^Li)=0;  I 

t'U.  -(*  — ct»l)^  — Sint;  J 

P(x,  *)«*ia*«f(x,  *a-|;  ! (3.3) 

V(s,  0)-0.  I 


Hge  26. 


Iroblsi  is  spivs d in  tic  goad t a taxes: 
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•sin*  I 
7“ 


▼ 

y=sjajJj 


X 


« (cost-  - xf" 

Cost  X' 

*C0*1 


X 


L m(cotl  — — ty-t-cmJ  2 


[ d± 


^lg6' F^-Jf  : 


/W  = 


npH  X <,  COS  i; 


‘ 0 


1 + 1(1  + »)*)*" 

I 

P -t  (I  + »)♦)***-  l apHX>coi); 

l+r-(c«8^j  =P»^<co.t; 

...»  (x  — 0.5  cc*  I)’  0 , 

c°84.___  np»  x>coai 


(3.4) 


**f:  p).  sitl|. 


Id  the  theory  of  this  layer  fcb*  special  line,  which  denar cates 
too  different  solutions,  ia  lie©  x*cca$.  Jr  the  range,  iaaaoe  to  to 
the  effect  of  epex/vertex,  the  density  soft  tod;  >(x,  0)  in  egeal  to  • 
litfc  a>0;  0 with  a<0  and  t aith  a®0.  29  tfc<s  case  o*0,  the  prossoro  is 
ccQfltdat:  P»oin*6.  This  feet  aoggoets  to  exaahee  another  oxtornal 
expansion  ahich  lot  os  call/naao  Beaton *s  t leery.  Let  thcro  bo 
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a — cost  -f  0(i);  v — tV{x,  + 0(«*);  p =*ln*l  + *P(*,  + Q(t,fej 

?=-L + /?(*,  *j)4-0(s);  ymm «*•<!;  0<*<1;  f«£-. 


(3-5) 


Hm  tol»li«  at  {iscbX«B  tck«i  tbm 


. , cost 

V « -1,= 


1 + * 


sin 


^ npn  .s<c®si; 

2 \ $ M 


cost 


P*»»sljs*t  -f-  qfa  — nj)sint—  J&slat  — — % + »ce$*i 


npn  x>cos&; 

— 


~zr~  * 


P — R sin  8 *» 


II  - 4.  S,*,.  Ho  !:  ' 


COS  ’i 


sin3t  — ; 


it  Jt<cos*: 
2»r»jsln}? 


2xi\  -f-  (x  — costf*  tg  < 

* 2i?  sis*  t i^^B^+S^cSl)  ] 

npn  je>cost. 


S«j;  |1).  eith* 

27. 

3p<©ciel  lica  is  also  lioe  s^cc^«  Singular  point  2»sr  flow  limn 
c«©©e4»  p»§  la  ©©a@/anit.  atca  * *>0  - ©4s$le  co^o/ooit,  shea 

v — 5 - ell  fcbo  cgx*g30  aeccps  l&ao  s«co3<S«  cafcosr  &a  aisfal&c 


CCC  * 7810(1202 


PISE 


F«iEt  in  the  direction  V“  c 

Table  gives  the  orders  of  basic  valees  is  tbe  theories  of  slight 
disturbances  (I),  of  this  shock  layer  ill)  aid  e£  Eeutoa  (III). 

fig.  6,  gives  for  « ccapariso*  the  distribution  of  pressere  p(s, 
s)  ca  cone  with  6*0.3,  y*1.i05,  a**  sad  Q.85,  designed  by  the  eethod 
of  external  asyeptotic  expansions  in  terns  cf  theories  I,  II  and  III. 
w&coraing  to  the  theory  of  the  slight  distarhances  is  the  range, 
insane  to  to  the  effect  of  apfs/vertei,  the  pressure  van  calcnlated 
trea  focaala  (2.7)  - Bitb  **C.fi5  carved  HI  is  designed  for  nelly  on 
formulas  J3.5),  (3.6).  Ey  dctted  line  is  nhcna  the  asynptotic  valne 
cf  prdssetre  vitb  *-»•. 
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mu  jm  yt 


fif.  i. 


T&hl& 


! 

y 

■ 

9 | 

J P 

r 

1 

~t 

i 

-* 

~i 

I! 

CM* 

( 

~i 

ttl 

8 

coil 

«ta»» 

taga  28. 

It  is  evident  that  even  at  scch  high  vaieoa  6 aad  the  Haiti  eg  valcoo 
cf  yaxaeotor  a in  tbo  case  cf  increasing  octico  tfco  carves  I and  II 
give  satisfactory  coincidence*  vhilc  it)  tb«  case  of  rofarded  notion 
th«  dfffcroDco  in  tfco  detossieat io*  cf  proaaara  fron  tbo  theory  of 
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this  la yer  and  theory  at  tbs  slight  <&i&f&£issc«s  ars  ®sc«  than  la  the 
cage  gf  iqcreasiag  atofcies.  is  the  ea®a  a*1*  $estea*s  t&aory  gives 
csly  gaalitativ©  aesalt,  since  at  the  high  anises  of  n it  is  hsrsly 
nittllt. 

{ 4.  lotion  of  tho  conn  of  the  finite  dias&siefa. 


Ilov  past  co^a  of  the  fiaita  diaegsioss  will  not  be 
self-aiailar.  Boxever,  dorieg  the  hypersonic  actios  of  co^a  is 
par  fact  gas,  tba  a f fact  of  «sd  affect  cn  ftesaare  distribetioa 
according  to  its  lataral  sarfaca  sill  aaaifast  itsalf  only  info  that 
t|aa  inter cal  whan  elliptical  tcaa  passes  tie  aaction/shear  of  coaa. 
Therefor*  daring  the  asc  cf  external  aayaptctic  expansion,  which 
co f fiscs  the  range  of  ellipticity  iatc  straight  line,  ead  effect  can 
he  disregarded.  Then  the  coefficient  of  sens  lipadance,  iq  reference 
tp  the  area  of  the  basis  (vithoot  the  accpiet  cf  base  press arc)  of 
cofe  gr  eedge  of  Igngth  he 

*L_ 

• 

tot  as  cnlcolato  integral  <b.  1)  • after  asisg,  for  oracplo, 
gaadrotaro  eolatioy  fren  the  theory  of  thin  sheet  layer*  bcccrdieg  to 
forsolao  (3.*),  tho  diotrihctico  oi  digscoicnlaas  pxoseaco  according 
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to  lateral  feed?  scxfaca  f (z,  Q)  is  4«fcsxsi8«4  tj  t&e  folio aiag 
exf cassias: 


P(£.  0» 

'tur1!' 


1 + .-fl75»  &**«»* 

l+*(l-  Bp*  X>CO«i. 


(4.2) 


U|:  fl).  aitk. 


tfcs  apuchl  Un  till  kit  to  sccticf/skaar  at  tfcr  aoaoat 

cf  tia#  t>t*  s#ti£«/ail  lateral  sarface  rill  bo 

muH/lsestta  is  tba  tasaia  of  tkr  efiact  of  tk«  apax/rartax  of 
kpiy.  6oapaciag  solution  fa. 2)  iatc  fcraala  («.1)  &od  bj  iotogratiag, 
■«  rill  obtaia: 


2tia*4 


1 Hh  *«  [ 1 y 


O' 

apa  t < /„ 

0 

nps 


(43) 


E©j:  ft),  aitlj. 

^ bf  cos*  4 

«&«®8  * ^ 

is  t oilers  frog  csfccssica  Csqg eSeoco  c.  ea  ties 

r cc ole.  «itfe  i -.«*  r. -.2*so*fe  Oitk  i~e?l-2(J  + «)^  «rccc&&£3 
aisles b tales  fee  ecScsCstf  og&fca  ec3  cesgoes  - fee  t£c£  aecaslesstcS* 


£«C  7 8S©$£§2 


si  of  the  tise  ekes  the  ficsai^  el  il«  affect  of 

<s®e««?s®®e*  ^xfcirs  lateral  sssfsce  e£  bod  j #.  addition  to 
«•»  iKScasa©  *£  aast^adj  cesd.itioa  effect,  decreases  is  absolute 
**!«&  <tee  41&S5?  far  a ssdge  &ad  ths««  tiaes  for  a case.  Halting 
tales  <■*  is  £^e%ed  aesiag  the  accelerates  t of  tody  exponentially 
$g»7§  as£  at  sar©  tia©  too  tia«s  exceeds  a^iroptiata  coss&rvative 
sals®  ft 

5e$a  2f. 


Qualitatively  the  ease  results  era  obtained  daring  the 
efglieatioa/Bse  of  levtea9a  theory  to  the  calculation  of  the 
<9Qff|ciest  of  ease  ispedagee  < ef  fiaeS  *?gc«  or  tredge.  Dependences 
cj(*)  4&sd  <•,(*)  ia  the  case  »»l  (y»1*ti©S)  axe  ^cagsr®4  in  Pig»  7.  In 

the  cSs®  ef  the  exponential  acceleraticn  $ ft  eqm  c°  at  aero  ti&®, 
exceeds  corresponding  censor  tails©  value  2~&8  it  Mm  {is  t%<a  ca©®  of 
the  exponential  acceleration  of  K©dg®  - !*»£&  tiaes). 

She  author  is  grateful  to  !•  1.  SciuMssfciy  for  asofol 
cvoxsaticas  on  the  them  c t this  fe»orh® 

E18KSBECES 
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Page  30- 

113  131811  Of  T81MLES1  lOtlCf. 

L I.  Zkigaltf. 

fa  *ork  ie  voiced  thi  via  a according  tp  tkiek  tlt«  ckain/aetaork 
c f thd  egsstioas  of  Priedsac  and  cellar  doaa  set  actually  coataia  tke 
ucbulsa  of  tka  esergetce  cf  tsrbeieace. 

is  proposed  t*«  ezaaiisticn  ef  stability  ccaditioa  *oa  tke 
average"  as  necessary  ccaditioa  for  explaigiag  tie  aeckaa&sz  of  tka 
ge verities  of  corrals  tiros. 

5 1.  Setting 

Ike  ckaia/ne&sork  cf  tke  egoaticas  of  friadaaa  and  Cellar  for 
the  iaccapressible  fluid  takes  tke  fera: 

i 
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®o:  + ^ir+ ~ ir  +sr  ^ I 

OV, 

f IPj?  —I  /4I  -j— i - >-1  /.I  X 

i ^f#I  w_a*i  • 

< a,,,  + -5^7  ^-■"'<:i.<  + 

+-<4  "*■•  c<c  vl-ft 

Jr~  *- 1 . - 0 (hi  h.  — i) 

*?«,  W w 

{*-2,  3.  4....), 


(1.1) 


Hhere  V.  - averaged  velocity  vector  component*,  \> 

- everaged  free sore,  referred  in  tie  valae  cf  dcssity  p. 


Velees  y«.  / •*  Wt 1 / ere  the  everaged  prodect  of  the 

•i  *i  •«  *, 

pelsatioa  of  tke  velocity  vector  sod  palsaticas  of  press  are  (referred 
to  deesity] . Prodect  consists  cf  t cf  the  factcrs,  tree  eifich  s is 
tie  pelsetioes  of  presssre  (corres foadlay  isdes  *r~2)  sad  {*-»)  - by 
tie  pelsstioos  of!  yelocity  (lades  «,=  It  tie  1 lector  It  is  calculated 
tl  spacc-tlse  poJujt  /,#,!</<* 


Page  J1. 

fggregste  lades  fm  la  tie  case  «,-l  ke&te* tes  tie  coepoeeat  of 
palsatiag  speed,  apd  la  tie  case  2 cieyly  it  is  related  to  the 


HC  a 78101293  P1CI 

fSl»*tiC3  ©f  pr «um.  $|l  tOtOlitf  Of  MitM  fiUtb 

fixed/ record  ad  s#  » u4  *,  is  tnsec  i*^$|  of  *«&omi  possess 

ti*  ffllcvi»9  property  of  ipMdtf: 

j /*  u .i»£.  - ) ~ 

*V$,.  J»  £..<  .*«?•.• —to"-  L 0J» 

*#  *# 

i.f.  titt  aaJt®##  it  g*<s sstiof  coiseida*  It  daring  tka  ei’C&ssige  of 
ccapltx  iijdioss  to  prod  see  is  slssltaaaoas  ti©  eacfcsefa  of  ib* 
cerraspoadiag  gcar-disetsicral  actasssfs* 

8«loa  %^*»|.  M **«•*.  tni  if  e^S;^*  «!  tfco  talc* 

eooeostosed  i%d«s  r irs  say  tor*  is  tssssed  additioa  fro*  1 to  3. 

®be  cbais/ootaork  cf  egaaticac  (1.1).  it  attaiaad  fro© 
gasier-stobss  egsatiossa  *. 

f£CYi«yg  *•  So  cs**  aider  tka  systes  of  tka  sclotioaa  cs$  S*wi«c-St ©be® 
«t«at|eaa  t&o  specific  statistic*!  aastsklc  «t  presoat  &&  yet  is 
is possible*  EIDPOQTIOSS. 

It  is  assaaed  tkafc  it  describes  tatbslast  attics  cf  tka 
iaccafresaible  flaid. 


Jt  is  accessary  to  say  t&gf  oltsieisg  tfca  ef 
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tks  ckain/setwork  cf  egsaticas  (U)  fr c*  the  Eawier-Stckes 
egsatioa*  is  contradictory  wises,  u cu  easily  ha  sms  that  tks 
Chsis/SStVCrk  of  SgBSticS£  (1.1)  fCtSSlly  itClsdtS  *11  th»  SOlwtioSS 
ct  JSssisr-Stckss  stgssticns  (cm  basis  of  skick  it  it  is  c abstracted) 

« special  cats  vkes  sll  th*  c errs 1 sties  facet less  are  egsal  to  zero. 
Os  tk«  otksr  hand*  is  asscssd  tU  <xi«t«M«  slsc  of  ssck  soletioss, 
she*  cores Istio&s  are  d if feres t free  x«co<>  fbyslcslly  tkis 
contradiction  occsrs  bscsssc  is  s priori  seclesr,  which  cutstssdy 
sciaticas  of  Isvisr-Stolss  ugnstioss  cc opr ire  tie  rssdos  part  of  tks 
tscfeslsst  k yd  rod  jn  sale  field  sad  is  which  lessors  correlation 
fsfctioas  css  bs  coasidscsd  arbitrarily  aesigsed  with  tks  forsstioa 
cf  initial  aid  bo sadary- waist  problea  for  egsaticas  (1.1).  To  u it 
seaas  that  tkis  is  tks  lasic  gsestics  which  ssst  bs  placsd  before  tks 
sstlod  of  Frisdsaa  sad  sailer  (1). 

Together  with  tkis  io  real  tins,  there  is  saotkar,  free  fros  the 
contradiction  indicated  fcsiag  cf  the  gees ties  ccscersisg  the 
statistical  theory  of  tarksleact. 

In  works  [2]  - («)  os  the  basis  cf  tkc  stations  of  Bogolyebow, 
is  isitiated  tks  iswsstigstion  of  the  see  statistical  eaaaibls,  which 
diffsxs  it?  that  tks  probability  of  its  ststas  it  is  sissltsssoss  at 
different  aacroscopic  pci#ts  are  act,  generally  speaking,  in  tks  fors 
cf  the  products  of  the  frsbabilities  of  statss  in  sack  of  tks  points 
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is  gatstlos.  Za  other  sends,  the  studied  tzsecble  is  characterized  by 
the  absence  of  tbs  property  of  statistical  independence. 

12. 

fery  important  reades/shosed  the  fact  that  the  studied  enseable 
is  the  case  of  the  hydccdysasic  actions  of  perfect  gas,  besides  the 
irdepc&deat  characteristics  average  density,  the  averaged- mass  speeds 
aedioe  energies  (teaperatore; , ceapcsiag  tee  basis  cf  usual 
aexodycaaic  description,  is  determined  additionally,  generally 
speaking,  by  the  infinite  set  cf  the  independent  correlation 
fa net 4c as,  for  which  are  superinpoaed  cnly  general  integral 
coaditions  about  coordination.  Thus,  correlation  - these  are  new 
foadaaeatal  aqd  independent  notion  characteristics. 

The  iavestigatioa  cf  different  special  cases  led  to  the  fact 
that  the  hydrodynaeic  equations  for  the  totality  of  the  detoraining 
talae*  foraally  coincided  with  the  appropriate  equations  of  friedaan 
sad  Keller. 

Thus,  it  turaed  oat  that  for  correlation  fractions  one  should 
lock  4s  at  independent,  given  by  initial  arc  linit  data. 


Zn  accordance  with  this  is  proposed  tic  following  sodel  of 
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tarfc aleac#  T:  tarbeleat  action  o t t|t  lacpi$XficUl«  field  ar« 
HHnind  by  fcha  totality  iadapsadect*  v&laea  S'.,  p, 

2,  3,  4,...;  a=0,  1,  2,... .4  *bi«b  sctl sfy  *b« 
dtali^M&Mck  *2  afwUeM  ( 1.  1 j z eala#*  f«  . possess  tk« 
property  of  syacstry  <1.2)  and  satisfy  ctifial  iategral  conditioas  of 
th*  type 

<u> 

*i 

((there  the  integration  coaacn  foe  ahole  fo«£-di«easioaal  space  - 
tf a«) * 

5 2.  theorem  on  breaking  of  chain/ net verb  (1.1)  in  the  case  of 
bpaogeneona  tarbolence. 

feet  os  approach  toward  the  analysis  of  the  ictrod**ce4  above 
acdcl  I. 

acaogeneoas  turbulence  usually  is  called  ft bis  fora  of  too 
tarbuhent  aotion  efeen  asarsge  vale@a  V.  fend  p are  constant  in  floe, 
ahile  correlations  ^ ,»  _ dsfead  os  tbs  ««<ssdia&fce  of  physical 
apace  only  by  aee*s  of  dig  foreseen  Ji  ~f,  (2=2, 

ga  the  case  of  hoacgeacoas  turbolaeca*  the  chain/nsteork  of 
egaat^ons  (1.1)  takes  tie  fexa: 
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4^,~0  Gut  *,-1). 


£2.1) 


It  is  intsrastiag  to  tot*  that  is  tkm  cm*  of  kooogmtoo** 
tsrbalsaca  of  agnatic*  lot  tslaatiCM  Vl  «sd  5®  tfeey  *111  bo  ia 
aecar4cy/precisio*  jXavier-'Stokes  egaaticas,  if  aa  asasioo  twdbolMoa 
im  tko  coordinates,  connected  *itfe  average 4-ssss  actios 


Ssge  33. 


Sguations  (2.1)  they  allov/assaac  tbe  fcllcviag  class  of  ozact 
cplufcions,  ttkicb  is  reduced  to  tbe  finite  eaaber  of  iadicial 
egcaticas  (tbaoraa  about  breaking) • 

Set  at  initial  noseat  (f(  — l*  l~  I,  2,.  ..  s}  all  the  correlation 
Junctions,  beginning  vlti  ?>*g,  thej  tsr©  ictc  zero;  than  occurs 
e*act  solution,  uken  these  correlations  are  alaays  egaal  to  zaro  aad 
chain/aetucrk  (1*1)  is  cepuarted  into  ayatoa  of  the  fialta  aenber 
cf  egeatioaa  for  func&ics*  W % (*<e4). 


lat  as  acta  that  tie  case,  axaaised  by  Karsan  and  aovarth 


(*£**<*,  tlN  tl«|  Mm  to  Cfco  Mt«4  class  of  tte  octet 

mic&icac  d3  ogooOloiO  («i  l«M«rc*  Is  cx£oz  of  tkir?  to  li 
««|liK«l  tilt  tkftt  «MI|  W?  •(*<*)  «*<  liilttCtgi  £C0«  X«M 

mif  thorn  ccrrtUtiau  i|id  tKtMfUl  c*C  (i.o.  tfc^  te«  u 
CpMtzolatioM  vitl  fxocouo);  tin  c|ak/Mti«st  Ukw  tlo  (on: 

<«<»►  rpH.-oj. 


iltttiidu  c—  tatloMoe  f,  •#,  + C4-2, ....  4).  eo  coo  till 

Cffltcc  (2*3 1**  alsplified: 


£ 


(*<*► 


tf4 -<*■ 


In  the  s?at^cf_»qa|tjxa  {2-3)7 

A Mac  tl«f  Mt«x  ca  ffmi+te  Mi,  ia 

lixtktiM,  it  It  It  fcctilla  to  otaolco  aitl  oil  *(-i:  tktitu  flat 


to  tl|o  last/lattor  cltit  is  lentil  t|«  selitlu,  oxasiaoi  If  rocket 

Mi  SfOaCtt* 


llnctl)  fsw  tia  tfeoocoa  aftoot  IcMllif  it  felloes  that 
Iooo30»oo«a  tccitUttet  is  eUssti  occoxtisf  tc  tk  cbnetcc  of 
UltUl  data  >* 


aattaotl  »*  tot  m ooto  tfca*  tk  aoale$oe$  xooelt  afeoat  feeofcoa  of 
c^oia/ootvork  cos  eKaicod  ^cotioaolf  £*  a*  veooooosekf  4o  tfc® 
«$aaiaatioa  ef  k£oofooc€s$  t ear  kales  ca  fsos  tfca  fositioao  of  kko 
tiOOtica  of  fotfoot  fas*  flBVOQffSQtS* 

| 3*  Co  &e  ©tgJ&Hitf  c^Mtioa  of  teaMftf* 
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lit  as  ittiiit  tk#  Mt  of  bosadarf  oopditicas,  vkick  east  bm 
falfilled  daciag  tka  sciatica  of  tka  ckaio/setvcrJk  of  egaatioas  for 
tazbalaat  action  la  tka  cast  of  tka  Ugh  ascaad  body  of  stationary 
tarbalsst  flcs.  For  spoci  V,  tfcis 

• spaed  in  cn  coni  a?  flcv  (is  auigVfKiSKiM  V'*); 

- tka  condition  of  adhesion  ca  body  - tka  ssrface  of 

tka  straaaliaad  body) . 

fag*  1*. 

tat  as  fsraaiate  nca  conditions  for  for  tkis,  lat  as 

assoat  that  tka  sail  of  body  safficiactly  sscstk,  ao  tkat  tka 
falsatioas  of  velocity  sseter  on  it  arc  alsc  egaal  to  zaro.  ?ke 
coasagaeact  of  tkis  sill  fe«  tka  cccditica 

rS!  /i4.  **0,  (3.1) 

if  cm  of  tkxaa-diaa&si^ol/spooo  ar$sa@&£s  f„  tkat  corraspoads  to 
any  palsatioa  of  velocity  {*,=*  i).  takas  tka  lakes,  akick  correspond 
tp  body  saxfeas  S, 


BBC  * 7810*203 


*«I  <J5 

Barter,  taking  iato  accoaat  the  ekperisattal  data  nhoat  the 
fact  that  in  tha  developed  tarbeleet  tlof  vxsally  plication  lava!  is 
each  highar  than  t|e  level  cf  initial  terfeelcace  *,  aaaas  raasonabla 
tp  rag sir*  cafiitiw  a* cat  tha  weakening  of  tha  corraiations  ahaa  ona 
cf  argeseqto  is  accepted  valves  that  correspond  to  tha  iacidant 
flew,  i.e.#  to  coapt  foe  this  aoaa 

WL  /„t . -0.  (3.2) 

ICCTSSTS  J.  Sere  there  are  is  fora  casas  pf  the  emergence  of 
tarbalence  unlike  tha  tasks  ahara  tarhalascc  ia  assigaad  in  tha 
iacidant  flow  or  ia  iaitial  data  ae#  for  esaaple,  this  was  into  $ 2. 
IIDFOBTBOIB. 

Bat  sinca  conditio  rs  (3.1)  and  (3  a 4 are  saifera,  one  of  the 
solutions  of  problea  Mill  be,  cbvicaslf,  . =0  everywhere  in 

flow,  i.e*,  laminar  floe,  if,  cf  ccwzsa,  this  solution  exists, 
therefore  in  tha  range  cf  values  cf  the  par aset «rs,  which  deteraiae 
fStm a and  for  tha  classes  of  the  bodies  share  aisultaoeoasly  there 
epist  and  laaiaar  aad  teebssient  flcg,  the  edition  of  tha  foraalatad 
abeve  problea  for  tha  cbaia/aetworl  of  egaatiesa  (1-1)  for  tarbalant 
aotioa  is  aot  only.  In  the  case  of  the  flpa  arc end  flat/plane  plate 
at  xero  angle  of  attack,  the  sclutien,  which  corresponds  to  lasiaar 
flow*  exists  always,  while  cxpariaaat  it  shews  that  aost  frequently 

is  realized  (for  sufficiently  dong  plates)  tha  precisely  tarbalant 

flow. 
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this  ©ccars,  so  it  seeas  to  us  that  tk«  systaa  of  e§aatioas 
(1.1)  does  act  contain  ia  actaality  tka  sackasisa  of  tka 
iprsatioa/edacatios  of  terhileice,  kat  is  cily  tcartaia  condition*,,  by 
chick  sust  satisfy  turbalest  aeticr. 

fo  tka  sacoass  of  classical  kifctic  theory  of  gases  it 
contributed.,  ky  waj«  first  that  there  cere 
concrete/specific/ectual  subjects  cf  irvestigertioas  (atoms, 

■olscalea)  , chile  if  is  flc*  occurred  chemical  reactions,  tkaa  vara 
conditions  for  formation  of  tkasa  objects  and  a aechanisa  of  tka 
sonantua  diffusion  and  energy  cl  bcaa  *of  particles.  Using  this 
analogy,  it  is  possible  tc  say  that  chainjaectccrk  (1.1)  indisputably 
contains  the  aechaaisms  of  the  destruction  cl  ^correlations;  however, 
does  not  contain  the  aechaniss  of  their  generation. 

On  the  basis  of  the  aforesaid,  finding  the  sac tan Isa  of  the 
generation  of  correlaticns  is  the  lay  extant  prekiea  of  the 
construction  of  the  thecry  cf  turbulence. 

to  us  if  seans  that  the  eraaisaticn  ol  tie  stability  of 
terhulent  notion  on  tiaas  ard  cn  tka  length  scales,  stick  correspond 

tjB  turbulent  notion  as  a vhcle,  is  neceassry  ler  explaining  the 

unknown  nechanisn. 
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Stability  conditio a is  by  itself  trivial*  without  it  is  a«t  in 
practice  realize/accoeplis|$d  tga  sciatica  in  jgeestion,  however, 
apparently  ia  t he  theory  cf  turbalfsssce#  it  (lays  the  significant 
rale,  since  the  Mergence  >of  turbulence  ks  this  is  sell  fca ovn , it  is 
c„c9BeCted  vith  the  instability  cf  visoous  retie rs. 

35a 


Been  the  fugitive  analysis  of  the  stability  condition  of 
turbulent  floe  or  stability  "cn  the  average11  shoes  that  it*  it  is 
contained  sosething  significant-  It  is  xeal/acteal,  under  conditions 
•here  the  laainar  sclutics  is  unstable^  stability  condition  is 
cpapul^ory  will  be  to  lead  to  the  appearance  of  turbulent  solutions, 
since*  as  «o  sa*  above,  laninar  a £ lotions  satisfy  the  chain/netvork 
of  egeations  {1.1) , and  therefore  the  vsual  stability  theory  of 
laein&r  flows  is  a special  case  of  cvetall  stability  theory  "on  the 
average”. 

Siailarly  the  coaditioe  of  stability  *cn  the  average"  leads  to 
the  deterainatioa  of  torbalent  states  F,.  {sacdiately  gets  up  a 
gsest4cs  coecerniag  the  aai  guanos'?  of  state  T,  to  vjs  it  see  as  that 
state  T,  ia  not  only  atd  vith  sufticieotly  large  lay n olds  nuebers 
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thsre  is  s spctcaa  of  stntes  Th  if  t%is  then*  then  easily  css  bs 
explained  the  depepdeacc  cf  tbs  eeergssce  c i turbulent 
cpgditioas/aodes  os  uImi  cf  isitial  turbulence.  >ith  sufficiently 
large  Bcyaelds  aasbers,  act  far  frea  a table  eve*  laaiaar  stats  is 
asraage/locaied  tacbalsct  stats  T,  sad  tie  grsatsr  tbs  level  of 
isitial  pulsations,  tbs  earlier  tbs  fbsa  frea  tbs  "potential  pit", 
ahieft  corresponds  to  laiiaax  floe,  it  Mill  (a sc  into  tbs  "potential 
pit"  +f  close  turbulent  states  By  this  aefbc d .can  be,  obviously, 
explained  axpsriaeatal  fact  aboot  hysteresis  ni  turbulent  floe,  it  is 
ppssible  that  dsrirg  the  developed  turbulent  action  tbe  aechanical 
systea  can  occupy  aitk  the  cpccific  prehability  all  states  rt  uad 
tobga  theory  of  developed  turbulence  - this  statistics  of  states 
T,.  Xa  this  case  becosec  clear  that  Mide  fregueccy  spectre*  uhlcb  Ir 
cjccitdd  is  tbe  developed  turbulent  flou. 
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latSMSUBCS  OB  BUG  1IB  Cl  JK  IB  IBS  CIBB'SIBt  ?&OI. 

I.  B«  Arnolftov,  A.  0*  G££dc*c  J«  ft. 

Arc  led  th*>  resv.lfcs  of  tk$  «x peri neat si  investigation  o£  jot 
dti^«  nhici  ensae  »t  009X0  eg  §6®  tc  la ssi  ssttfaco  of  oifcsg,  on  tie 
aa&edyaaaic  characteristics  of  tie  isclstodd/ijjeeXetcd  lia^s  for  froo 
serose  «£d  boot  fro*  it.  Co  tie  basis  >cf  c«icnl3tion*  «nd  rasa  Its:  of 
tie  ofporinoatel  gtsdy  interaction  of  die  jets  of  the  varies* 
ferns  of  ioitiol  section  aitfe  tio  aing*  a*  different  relative 
siia/diaassiaas  ««d  placi'cras,  is  gives  ck«  analysis  of  tio  reasoas, 
«iici  cause  ckvngc.  in  the  effective  tfcri»fc/r®d  cf  jots  sit  In  an 
iscrnise  ia  tic  velocity  sf  incident  flow  aod  a decrease  of  the 
diftaece  of  sing  of  screen!  It  is  sfece?*  t&et  far  £toa  screen  thr« 
exteraal  flaw  around  jet  plays  the  deeiaant  id«  ia  a change  is 
scxodynaaic  sing  characteristics  with  <an  increase  ia  tie  velocity  of 
cnccsing  flan,  skile  near  fro»  £ cross  eaassestial  favorable  effect 
exarts  the  vortax/eddy  shafts  vhiefe  ssgjoar*  ca  fie  asrfac®  of  *cr«e«. 

fie  interference  of  sing  and  jot#  which  e&nuon  at  certain  angle 
tc  its  loner  surface,  l^ada,  as  is  haonf,  tc  fertgaiioa/a  da  cation  on 


me  « nm 

V&f  «C  the  lift  SlticV  ««€»*«**  t|e  ?*$.**  <£  the 

-tlisastV^eS'  «t  ^a%»  .SisaltasaosaOj  and ergo  considerable 
*&*■§£  and  ether  aercdyraric  •»$*#.  c$a£ftciexisties«  These  changes  ia 
t he  vtetfcAyaaaic  characteristic*.  set  ohU»5£  ky  especially  essential 
i*  « increase  c?£  the  iiatsnee  of  ei§g  <£  ictMi  and  aa  iact6M«  la 
tfci  velocity  of  is, eldest:  flow*  Thnsft  lesaat  cf  }nt,  which  appear  in 
■She  -.absence  at  tie  incident  flow,  canned  fcy  the  viscoas  forces.  Jot 
is  this  case,  involving  late  actict  aarroffdiag  air.  create* 
diatnsbed  flaw  nboafc-  viag*  ft cacao  of  this  cr  p reisers  side  of  eing, 
sppsar  the  etracaatioa/rer^fncticM*  a kick  decrease  the  effective 
thrn*t/rod  of  jet.  Far  free  screen  these  leases  aro  ssell,,  4 
cc Raid arable  increase  ip  the  losses  derlag  the  decrease  ot  the 
dl« taace  of  *1b§  a 1th  1st  oi  ser oca  is  coa rested  with  tho 
foraatiot/adocRtion  of  tho  fan  jet,  which  possesses  considerably 
larges  ejecting  ability*  atsd  the  apprcach/apprcita&tlon  of  wing  to 
this  pertarbatioa  source  £1]  - j£ 3 3«, 

Oa  increase  in  the  losses  cf  lift  uqd  a change  in  other 
aerodjnaaic  aing  characteristics  vith  jet  kith  an  increase  in  the 
velocity  of  incident  flea  ia  connected,  is  the  first  place,  aitb  the 
diatasbance/pertnrbatiof8.  abich  appear  dazing  the  floa  around  jet. 
aad,  4a  the  second  place,  it  is  possible,  sitb  certain  change  of  its 
sacJciag  properties  in  ertraicacat  flos. 
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•*  rif.  1 akaai  «i(«riaMttl  iiatrifcatics  cf  tto  pcMMr*  •hick 
o§p§ mam  oa  fiat  strftci  daring  the  flea  ticui  tha  rigid  cfliiitr  and 

|it«  aoraai  lo  this  sarface,  •■<  calculated  distrihatio  of 
(cusin,  ehtaiaad  duiaj  tie  replacement  cl  Jet  hf  tha  systea  of  tha 
aciaaged/locatad  oa  its  aslc/asis  fleas  oa  tha  assaaptioa  that  tha 
interference  of  aisg  aad  Jat  is  caasad  oil]  hj  sachiag  actios  of  jat 
£*]• 

lags  J7. 

Cespaxisog  shoas  t|at  presatre  distrifaetip*  ia  tha  vicinity  of  real 
jat  accord iag  to  t|e  character  of  the  1 oca ties  cf  tha  soaas  of  tha 
iacradsad  a»!  radacad  prassara  is  gaelitative  a falo goes  aith  pressure 
distrftetica  aroegd  rigid  cylinder  acd  it  is  opposite  to  tha 
calcaiated  distribatioa  cf  prassara* 

lo sever,  the  asoasts  ef  the  ssppleseatsry  lift  ahich  appear  froa 
real  Jet  and  rigid  cyliader,  sobstactially  differ  froa  aach  other. 
These  diffarascas  are  oitaiacd  by  especially  ccgsiderable  is  tha 
raeiga  cf  ccsparativaly  loa  values  cf  tie  fives  relation  to  velocity 
of  incident  floa  to  jat  valccity  Qf  laal  jat,  being 

hfcgt.  dad  being  expanded,  aegeirpe  i*  the  daxxyisg  flea  the  con  pi  ax 
thraa^diaansional/epsc*  fora,  vary  distant  irca  cylinder  [5].  It  is 
characteristic  that  aoat  considerable  change  of  the  sixo/disensions 


t 
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cf  Jit  la  tka  cart  jiag  flea  (aalika  jet  i*  ti«  flooded  space)  ccc«X‘* 

ca  ita  laltiil  aactioa  «i<  caa  caaif  tiaM$M 
4Jstiib«Ki/pirticlatictf  oa  tki  dig  f«r|«ci» 

fig,  2,  gives  aoaa  xesalts  of  tka  apprcxiscta  cospatatioas  vkick 
mii  darried  #at  foe  tka  caaa  cf  ideal  iflaid  fee  paeposa  of 
gealitative  evalaatiop  cf  lift  iacraaaat  Xi*  -tka  portions  of  tka 
tkcest/rod  of  jot) » iadaced  oa  flat  aarfaca  by  cylinder  aad  tka 
axpaadad  solid  body*  iaitatiag  aiza/diaeeaica*  sad  tka  fora  of  Jet. 
Calcalatiaas  akoa  tkat  tka  axpaadad  tody*  vkick  kas  tka  elliptic  fora 
cf  ergss  sactioa  aitk  tka  eclat ica  of  aaai*»axas  1:*  aad  tka 
tcaasaacaa  sise/dieeasicp  k«  aadactakaa  oa  the  cxpariaaatal  data  [ 5 ], 
is  caasad  la  coapeoisoa  sitk  cyliadac  a aaay  tisas  larger  la  value 
fox cay  especially  ia  tkc  rasga  of  ccapaiatively  los  valnes  of  tka 
gfvaa  relation  to  velocity  cf  iacldaat  flp*  to  jet  velocity. 
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(•j:  II).  ligid  cyllisdsr  (2).  J«t  (axpariasat) . (3). 

Ssyladaaaat  of  }at  by  sjitis  of  flows  (calculation)  • 

lags  J8. 

Ibis  bases  oat  the  fact  that  tbs  fees  <i£  Jet  atd  its  change  with  aa 
iacxeasc  i*  tb«  vsloeit?  of  incident  flow  yiay  iapoxtaat  cols  ia  tbo 
yxssssc#  of  tbs  iatexferegee  of  wiag  aad  j«t*  boxaowsx,  tbs  analysis 
of  thSsa  data  skews  that  at  the  saall  xalass  of  tbs  giwea  velocity 
ratio  tbs  basic  distexbascss  on  wing  acs  sxeatfd  by  tbs  section  of 
tbs  j*t  of  lasge  extant*  which  fosssssss  lift  sisiisr 

t*  car  tain  low-asp«cfc-cati«  wisf,  ax£sg§g£isss$3d  at  kigls  &sgl#  ®£ 
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otdocit  with  rosyect  to  the  seefaca  ©f  *»aie  »ie$*  Kith  «»  iiacxaase  is 
fcbe-certafcoxe  of  jat,  tie  lift  affaetiaagesa  of  its  distant  sectioss 
dascrelse  «s  * raeelt  of  t|e  4icm<c  «£  tiiit  osgle  of  attack*  aad 
iucrcaaiag  »»lw  lii)i>  to  plaf  the  distort  aace/perterfeat  leas*  cateaei 
bf  tke  flow-  aroaad  the  iaitial  oectica  of  jot  **  bleff  body#  eloae  is 
tors  fo  cylinder  directly  cc  the  si as  -sarfec*..  therefore*  for 
eyaaplc*  the  decrease  of  tl|e  iiitial  s?  e e£  jet  iacl&aafcica.  to  slag 
pleas  loads  to  the  asseitial  decrease  of  threat  looses  of  all  r«sf* 
cf  a chaage  1#  the  giwer  velocity  ratio,  a*c  at  its  very  %igk  veXees, 
*fc«a,  it  vcold  sees,  jot  is  cost  distoat  pa  its  for*-  £mb  cylinder, 
££f fairs  field,  isdacod  by  circalar  jot,  so  shew*  is  work  [6], 
already  it  differs  little  act  ©My  gaalitatieely,  Sat  also  it  is 
s§»att4t«.ti*e  free  pxesssre  fiold  la  the  eieiaitf  of  rigid  eylisd or* 

Xxperieeijtal  investigatioas  wore  carried  cat  oa  tie  a ©dels  of 
the  rectaagular  wipgs  with  clesgaticB  >**2  at  aggie  of  attack  «*0*  »as 
iawestigatod  the  iaterferagee  of  wisgs  with  tic  jots,  whioh  had  ia 
ioitidl  section  U$«  £ot*  of  circle  (circular  jot)  sad  of  the  ellipse 
(elliptical  jot) whoso  aajor  axis  ccald  ba  axraage/located 
serpo&dical arly  aad  ia  parallel  to  the  velocity  sector  of  the 
iaciddat  flow*  Sa&seguestlf  fer  cccvoaieade,  lot  us  call  elliptical 
jot  dopeadiag  oa  the  position  of  its  aajos  axis  an  elliptical  jet 
ac sosd  floss  sad  elliptical  jet  alcrg  ilasi 
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ob  «£*$r  *kle£  fe«s  jajif  ££<?4f**.:iy  ki^k- 
S£t^di**a#Xa«»  1^  c«af#r&at$t  »2k*  49a  of  iait£a£  $*t 

csp$**^«^i©ial.  •«£$>*  5i§cit*.s«,ttt  tfecaat  X«a®*« 

fj**e  aXlijgfcisal  *£**£$  £2*a«  s^X£*1»fcf  ja*a~«£  circulc?  aid 
«liif^is»l  ttlCK.9  :£Xse  £?rs  .^&v«  cXcoo  £§  a«$ei*w«  of  loaea*  gf£$. 

2)*  f|f*  3,  g|o$s  *'|*o  t3e  «ff*et  $£  tfc«  |c£«  c£  imitiil  ji*t 
cs:<^,*-©#c4 XoaaX  *r*a  eta  *•  iaer«aa«  Aa  t^e.  ^ifcckiag  soaps*  of  »ioj„ 
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{1).  Cjliaitc.  (2).  islanded  tody:  (3).  Jit  (txpiciMit). 

H. 

-tfhe  elliptical  across  flos  jet  (calaticn  <t  mi-uu  is  iqul 
t«  Is  10)  it  is  bluff  is  isitisl  section*,  1st  test,  i.e.,  in  in 
$Jk8«li  bluff  obstruction,  arrange/lccated  ex  tie  wing  surface.  Enas 
sf  ccsfaratively  sssll  velocities  cf  ipqidast  Ups  basic 
diotasbance/pertarbaticns  •»  the  sing  are  exacted  by  its  initial 
iracfifn  in  tbs  fors  of  fh«  vast  zones  of  the  elevated  pressure  befora 
the  jOt  and  of  evacaatica/rarefacticB  after  jat.  She  spacbca  of  silk 
tli reads  eg  the  sing  surface  show  that  :befpz«  itlc  jat  occurs  braking 
. flea  dnd  characteristic  boundary-layer  sepaxatica,  although  after  jat 
is  foiled  vast  breakaway  spaa  (Fig.  4). 


me  « nu*&3  fki  0| 


XUiftial  abpsg  f Jo*  j«t  is  »«11  iUiisUmn!  oa  liitiil  atetioa 
U»c«,  the  absetes  cf  tbs  visible  seas  cf  tbs  hactvstsr 
before  tbs  jst]  . 1st  this  jst  iatapsely  is  expaadsa  is  ttssstsrss 
dixactica  aad  is  lssst  test.  Ssfsrisssts  is  the  fleolsi  space  shoe 
tbst  Lf  tbs  characteristic  isstscs  of  ith®  {icpagatias  of  elliptical 
jet  is  its  tsry  aopaaifera  expaasiep  op  lares  sad  to  tbs  eiaot  ssss 
of  ellipse.  lloag  eisoz  axis  is  obtaissd  b| pcsisstsiy  sis  tiass  sors 
istsass  srjaasioa,  tkaa  cp  large*  dsriag  tic  fits  atosad  jst  of  tbs 
carry jag  flos  occsss  the  safpleaeatarj  strsia  of  tbs  fora  of  its 
aectipaa.  Oa  tbs  fxcatal  sarfacs  of  jst,  altars  tbs  ovstpesssars, 
abils  ca  lateral  serf aces  sad  froa  bsfciad  - s vacua tioa/rarsfactioa. 
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I*g.  3. 


imqm  40. 

a 

therefore  lost  significant  expansion  ocoass  in  tie  direction, 
perpendicular  to  tlje  direction  of  velocity  cf  incident  floe,  and 
elliptical  along  floe  jet  at  certain  renowal/distance  from  the  wing 
surface  ccguires  the  fora  which  interfaces  considerable 
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diatarkaace/partarkatiozs  iato  floa.  basis  distirkasca/pertarbaticas 
cm  tkd  a lag  surface  ara  cxaatai  precisely  fcj  these  ssctiass  of  jet* 
Iksy  4r«  sskibitsd  predcskeaatly  it  tke  fprsakica/adscatioa  of 
rarefactiea  soass  a boat  jet  aad  baar  sigaificaitly  aoca  a*ifara 
character*  tkaa  distarbasce/psrtirtatica  f xca  elliptical  across  floa 
jat. 

Saraiag  agaia  to  tka  resilts  cf  tka  tests  tactaagalar  aiag  aitk 
tka  jdts  of  various  forts*  akick  atsaa  at  acgle  of  90*  to  its  louse 
surface  (ssa  Pig.  3),  it  should  ba  acted  Skat  they  corraspoad  to  tka 
raprasaatatioa  of  tka  eda  cf  diff treat  sa cticaa  of  jat  Is  tka 
forsatioa/aducatioa  of  lottas  aitk  aa  iscsaaaa  ia  tka  velocity  of 
iaciddnt  floa.  Imparting  ta  tka  iaitial  sactica  of  tka  jat  of 
stxaaaliaed  shape  doas  cot  load  to  tka  dsdscast  of  tkrost  lonsas  ia 
<\he  iatpactad  comparatively  names  raaga  pf  a ckaaga  ia  tka  gi^aa 
velocity  satio.  Tka  jet*  circular  aad  elliptical  aloag  floa  fora 
ara  caused  close  ip  tka  Magnitude  of  lpsabs  of  tkrust/rod. 
Copsagaaatly , ia  t|csa  ccaditicas/aodaa  is  ispertaat  aot  so  auch  tka 
fpra  ff  initial  jat  crocs-fccticnal  area*!  *i  qcsplete 

| three^diaensional/space  fora  of  the  jat  akick  is  foraad  ia  tka 

1 

f carrying  floa.  akile  it  ia  cktainad  fcy  close  mi  both  jatsr  judging 

| ires  the  fact*  that  at  a distance  cf  fiva  kcrae  froa  tka  aing  surface 

p 

f they  give  already  approriaataly  identical  trace  on  tka  aask  of  silk 
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9h«  9 timet  of  fit*  lor*  of  iaiVtial  Jot  crosa-soctioaal  #roa  Cor 
tit  sit  Ml  location  unit  1 Jot*)  va  *«Bo4;ca*ic  vi»g  ck*r*ct*ri*tic* 
itftaif  stirtutiallr  c*  rflaticn  tip  tie  tut  :cf  initial  jtt 
es*a**S€ctioMl  ttta  tc  aiag  acta. 
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H g-  5. 

Ea gc  II. 

Thrust  losses  on  the  rectangular  wing  cf  stall  size/dineasions  with 
the  jets  of  elliptical  across  flow  and  circular  shape  (/,  ..  o.Ol) 
first  increase  with  an  increase  in  the  giver  velocity  ratio,  and 
then,  after  achieving  the  greatest  value,  ttey  decrease  also  finally 
. 4t  reverses  the  sign  (fig-  6}-  In  this  case,  the  increment  of 
pitching  acaent  reaches  the  significant  aacnitudes.  Elliptical  jet 
alcng  flow  on  a saall  wing,  as  cc  large,  are  caused  thrust  losses 
which  increase  with  the  increase  of  the  given  velocity  ratio. 


IOC  * 78104203  PIGI 

1 sharp  qualitative  change  in  the  aercdynasic  wing 
characteristics  with  to  th«  jets  of  circular  and  elliptical  across 
flew  fora,  that  occurs  during  the  relative  size  decrease  of  wing,  is 
connected  with  the  fact  that  on  a stall  rectangvlar  wing  the  part  of 
the  zfne  of  the  essential  disturbance/periwzbaticns,  caused  by  jets, 
proves  to  be  out  of  the  liaits  of  wing;  it  certain  value  gf  the  given 
ratio  of  the  velocities  when  appear  positive  lift  increaents  the 
prevailing  value  aeguires  the  zone  of  the  elevated  pressure  before 
the  jot,  while  the  rarefaction  zone*  which  appears  beyond  jet,  is 
lpcatsd  partially  out  of  wing,  the  aeaaureaents  of  the  distribution 
cf  pressures  >on  the  surface  of  the  wing  fcfcz  ezaaple,  [6])  show  that 
with  in  increase  in  the  velccity  of  incident  flew  gradually  is 
developed  the  zone  of  the  backwater  before  the  jet  during  the 
siaultaneous  decrease  of  size/diiepsicws  and  the  shift  downstreaa  of 
rarefaction  zone.  Possibly,  to  the  saae  Manifests  itself  jet  effect 
ca  thd  flow  around  suctioy  side  of  wing. 

during  the  size  decrease  of  wing  with  elliptical  along  flow  jet, 
these  phenomena  do  not  have  the  vital  ifppttawce  because  of  the 
special  feature/peculiarities  of  the  distar lafcc/perturbations,  which 
appear  during  the  flow  around  this  jetj  which  it  was  discussed  above. 
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Elliptical  across  flow  jet  (or  tii  i^eiUof  of  jets  in  a series 
acres*  flow)  has  09  a stall  rectangular  «j|$  essential  advantages  as 
c$apas«d  with  elliptical  alcng  flew  jet  (or  arrange seat  of  jets  in  a 
socles  alepg  flow)  « 


’tl-tt-'Q-'-1”  c*^^8."''1 


*.4«^t«*waatt«iiiM&^JttiAJtt3gMgtfB!iMl8WB^^ «. . 
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fig.  f. 

Page  42. 

Thf  considerably  larger  iqcreaent  pf  pitching  iscaent,  obtained  on 
«iqg  aith  this  jet,  it  allovs  in  certain  assign* d/prescribed 
c&nter-ci- gravity  location  to  displace  elliptical  across  flow  jet 
nearer  to  trailing  wing  edge  and  tc  obtain  for  this  count 
seppiPa^atary  atoajatages  in  ccapariscn  with  elliptical  along  flow  jet 
ifitb  Sufficiently  large  values  of  the  given  velocity  ratio. 

A change  in  the  fora  of  jet  or  the  layouts  of  jets  og  visg 
allovs  on  the  rectangular  sings,  slich  ha »'•  close  to  real  relation  to 
the  area  of  nozzle  to  wing  area  (Fe'^  0,01),  act  cnly  it  is  substantial 
to  decrease  the  thrust  losses,  but  al9C  tp  ccapletely  considerably 


$$*%$**»  w^yV> 
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increase  the  effective  tbrust/zod  cf  jet.  lhis  fill  agree  with  the 
rMolte  of  the  invsstigaticn  of  the  diverse  variants  of  th;e  location 
cf  pise  jets  on  the  rectangular  wing,  gives  iu  fork  [7]. 

The  possibilities  cf  oeing  the  soqc  of  elevated  pressure  for 
decreising  the  thrust  lessee  of  the  viigs  cf  the  United 
siae/di tensions  depend  on  uing  planfcra  and  the  position  of  jets  on 
ving.  Thus,  for  instance,  as  a result  >of  the  special 
featuse/peculiarities  of  the  gecsetry  cf  delta  wing  the  positive 
action  of  the  backwater,  which  appears  before  the  jet,  is  not 
utilised,  and  the  effect  cf  diffluences  prevails,  determining  a 
change  in  the  total  aercdypaaic  characteristics.  Therefore  on  delta 
«iqg  with  relatively  the  f sent/leading  position  of  jets  elliptical 
across  flow  jet  causes  considerably  larger  thrust  losses,  than  the 
jet  of  circular  and  elliptical  along  flew  ferw.  For  the  sane  reasons 
the  shift  cf  circular  jet  tc  leading  wing  edge  causes  an  essential 
increase  in  the  thrust  losses  at  tlje  high  values  of  the  given 
vilocity  ratio. 


thus,  far  frop  the  earth/ground  the  external  flow  around  jet  is 
the  iaportant  factor  which  deteraises  a change  in  the  aerodynaaic 
wing  characteristics  with  an  increase  in  the  velocity  of  incident 
flew,  a change  in  the  feras  cf  jet  cr  Iccaticp  cf  jets  on  wing  cakes 
it  possible  to  decrease  tfce  haraful  interference  of  wing  and  jet  in 
the  carrying  flow. 
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H g-  i. 

Keyr  11).  Position  of  vertex/eddy  shaft. 

Page  43. 

fhe  nearness  of  the  earth/ground  .considers  tly  coaplicates  the 
picture  of  interaction  cf  the  jet  cf  Ming  ard  is  exerted  a 
substantial  influence  on  aeiodynaaic  wing  characteristics  with  jet. 
Pscn  the  diversity  of  the  factors,  $hicb  determine  the  interference 
of  wing  and  jet  near  the  earth/ground,  it  is  expedient  to  isolate 
three  basic  phenomena  which  consecutively  c<n  occur  with  an  increase 
in  the  velocity  of  incident  flew. 
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first#  the  foraaticn/education  of  the  accurate  [fan]  jet#  which 
ppssesses  considerably  larger  ejecting  ability#  than  free  jet#  and 
the  approach/approxiaaticn  cf  wing  tc  this  perturbation  source,  the 
carasiag  increase  in  the  thrust  losses,  this  effect  is  basic  at 
velocity  of  incident  flew#  egual  tc  zerq,i  ard  it  plays  the 
sixinif leant  role  at  coaparatively  lew  values  of  the  given  velocity 
ration 


In  the  second  place#  the  f oraatiog/educaticn  of  the  vortex/eddy 

♦ 

shaft#  which  arises  during  braking  cf  faq  jet  by  the  incident  flow. 
Ihe  shift  cf  shaft  with  an  increase  in  the  velocity  of  incident  flow 
is  brought#  beginning  with  certain  value  of  the  given  velocity  ratio, 
to  decrease  in  thrust  losses#  since  before  the  shaft  during  its  flow 
appears  the  zone  of  elevated  pressure#  while  the  sucking  action  of 
fag  j4t  decreases  as  a result  cf  its  size  decrease.  If  we  coapare  the 
ppsiticn  of  vortex/eddy  shaft  with  change  in  lesses  of  thrust/rod 
with  in  increase  in  the  given  velocity  ratic#  then  it  is  not 
difficult  to  establish  that  the  decrease  i|  thirst  losses  begins  when 
pain  gr  less  considerable  portion  cf  wing  proves  to  he  in  the  zone  of 
the  bickwater  before  the  shaft  (Pig.  7).  it  is  logical  that  i jth  a 
decrease  of  the  relative  si ze/diae nsiccs  pf  wing  or  increase  F^  the 
positive  effect  of  vortex/eddy  shaft  is  exhibited  less  considerably. 
Ibis  effect  depends  also  cn  wing  plarfcra#  the  position  cf  jet  on 
wing  and  the  angle  cf  deflection  of  jet. 


?5SSJg3^^5?S^^^^S^,r 
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And  finally  thirdly,  the  usual  pxcxiaity  effect  of  th;e 
earth/ground,  which  beccaes  basic  effect  at  sufficiently  high 
velocity  of  iqcideut  flew,  *hep  the  jet  bands  sc,  that  the 
vostef/eddy  shaft  does  cot  appear.  .Is  an  exeaple  it  is  possible  to 
give  the  results  of  the  tests  cf  the  xcctangulax  wing  with  elliptical 
acxcsS  flow  jet  (Big.  £). 
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fig-  8* 


Page  44. 


Ia  the  raqge  of  the  low  values  of  the  give*  velccity  ratio,  are 
observed  the  saae  special  f eature/feculiari ties  of  the  course  of 
depentesc*  -75— (l^  VX),  as  in  the  exaiinied  previously  examples 

*r 

{lossSs  first  increase*  they  reach  saxiiuu  and  then  they  decrease) . 
Sjth  further  increase  in  the  given  ratio  of  the  velocities  reaches 
the  afniaua  of  thrust  losses*  connected  with  the  liquidation  of 
vortey/^ddy  shaft  on  the  earth's  surface.  He  value  of  the  given 
vfelocfty  ratio,  by  which  occurs  the  liquidation  of  vortex/eddy  shaft, 
incretses  during  the  decrease  of  the  relative  distance  of  wing  of  the 
earth/ ground. 
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thus,  the  substantial  change  in  the  aexcdynaaic  wing 
characteristics  with  jet  near  the  earth/greend,  which  occurs  with  an 
iaucrehse  in  the  Telocity  of  incident  flow*  is  connected  with 
eanngence*  shift  and  finally  by  the  liquidatics  of  vortex/eddy  shaft* 
the  fivorable  effect  of  shaft  can  be  used  foe  decreasing  the  haraful 
interference  of  wing  and  jet  near  the  earth/greund. 

REFBMNCaa, 

1.  H.  Seibold.  untersuchungen  uber  die  ven  iubstrahlen;  an 
Seqkrdchtstarten  erzeugtef  Sekundaxkraf te*  Jahrhuch  1962  der  WGLR, 
1943. 


2.  L.  A.  iyatt.  static  tests  on  ground-reifect  oa  planfora  fitted 
vith  a centrally-located  round  lifting  jet*  ABCC8,  No.  749,  1962. 

J.  Oi  V.  Takovlevskiy,  A.  N.  Sekundov*  Study  of  interaction  of 
jet  wi,th  the  closely  spaced  screens*  liv'.  ci  the  AS  USSB,  ser. 
"aechdnics  and  Machine  cccstructin.N  N>c.  1 , 1964. 

4.  G.  I.  Tagajjov.  lo  tie  theory  of  tie  sucking  action  of  jet  in 
the  cross  flaw.  Tcansacticns  of  TsASJ,  iss.  1172,  1969. 


»GC  « 78104203 


PA«E 


S.  I.  B.  Palatnik*  D.  1.  Teairhajfea.  Hava  gpwerning  the 
propagation  of  axi?;naetric  air  jet  in  the  carrying  unifora  flow. 
Pr«bl4as  of  theraa.l~power  engineering  and  applied  of  theraoph?sics, 
iea.  1967.  / 


6 Bradbury  L.  J.  S,  Wood  M.  N.  Pressure  distribution  around 
i circular  jet  exhausting  normally  from  a plane  wall  into  an  airstream. 
ARC  CP.  M 822,  1965. 

7.  Williams  J.,  Wood  M.  N.  Acrodynumlc  interference  effects 
with  jet-iift  V7STOL  aircraft  mler  static  and  forwardspeed  conditions 
Zf'W.  Hf  Hi  7.  1967. 


The  ainuscript  entered  4/711  1969. 


t«C  7 78104203 


"6I  /tl 


Page  45. 


DETERIJNA3I0N  OF  TAB  AHPL1I0DE  OF  1HB  03CJ LIATICNS  OF  AXISYHHETBIC 
SPACE  VEHICLE  HITS  UNGOIEH5  LARDING  IN  IH<£  iTUO SPHERE. 


V/.  V.  Vo^sikov,  V.  A-  Yarosbevskiy. 


Axe  examined  the  special  feature/peemliar ities  unguided  action 
cf  space  vehicle  about  the  center  cf  aass  pith  descent  in  the 
atmosphere.  Priaary  attention  is  devoted  tc  the  deterainat ion  of  the 
possible  amplitudes  of  oscillations  and  tsarsverse  overloads  on 
landing  trajectoryat  the  low  values  of  initial  angular  velocity,  are 
given  the  foraulas  and  the  curve/graphs,  ahich  sake  it  possible  to 
determine  the  paraaetere  indicated. 


Is  exaained  the  task  of  the  determination  cf  the  amplitude  of 
the  oscillations  of  the  unguided  space  vehicle,  entering  in  the 
atmosphere  of  planet.  It  is  assumed  that  tit  vehicle  is  axially 
syametrical  tody,  angle  of  attack  o is  deficed  as  angle  between 
vectors  of  speed  and  the  lcigitudiral  axis  cf  vehicle. 

lork  [1]  shoes,  that  the  character  of  the  xotion  of  the  unguided 
space  vehicle  about  the  center  cf  xass  is  determined  by  tire 
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diaensionless  para *e ter 

2JLA4J 

1 AV'#|sIn80| 

where  *N0  - initial'  aoaept  of  aoaentua  jin  atacspiereleas  space;  X - 
the  lqgarithaic  gradient  of  atmospheric  ddysity  (p^e-*");  * ~ axial 

apaent  inertia;  Vp  and  60  - rate  of  entry  and  tie  angle  of  eatry  into 
tie  atmosphere. 

At  high  values  p,  the  notion  of  vehicle  is  guasi-periodic  in  an 
entird  trajectory,  eliainating  perhaps  the  seotion  of  snail  extent  in 
the  vicinity  of  the  bourdary  of  the  ataesphere  (in  the  case  of  plane 
action  - a section  pf  tracsiticn  fzoa  rotary  notion  to  oscillatory), 
therefore  with  p»1  the  aaplitude  of  the  oscillations  of  vehicle  on 
angle  cf  attack  am  can  he  deteraiped  with  the  aid  of  asynptotic 
acthod  or  the  method  of  averaging  [2]  * [5].  At  the  aoderate  values 
pi  coaaensurable  with  ore,  asynptotic  netted  is  applicable  only  in 
the  sufficiently  dense  layers  of  the  atmosphere.  Bith  snail  p{p«1) 
low  initial  rotational  energy  of  vehicle  dees  net  in  practice  affect 
its  action  in  the  dense  layers  of  the  ataosphere.  The  determining 
paraaeter  becoaes  the  angle  of  attack  of  vehicle  on  the  boundary  of 
the  ataosphere  *0,  which,  as  a rule,  is  rtaydea  variable.  Therefore 
task  acquires  probabilistic  character. 
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In  th4  present  nock  are  given  the  results^  which  sake  it  possible  to 
deteraine  a series  of  the  paraaeters,  which  represent  practical 
interest,  in  the  case  oi  stall  p. 

i-1 

It  is  known  that  the  aiially  syaaetcical  body  in  void  conpletes 
action  of  the  type  of  regular  precession,  let  us  deteraine  initial 
houndiry  conditions  of  the  ataosphere  tbrpvgh  angles  +lt  and  43 
(Pig.  1),  the  characterizing  cone  precessions  aod  aoaent  of  aoaentua 
I0 j #t  - angle  between  vectors  of  the  speed  of  vehicle  and  the  vector 
of  initial  aoaent  ef  aoientua  (by  axle/axis  of  cone)  #2  - natation 
angle  (half-angle  of  the  sclution/cpening  ci  cc*e);  *3  - precession 
angle  of  vehicle  (position  of  the  axleyaxis  of  vehicle  on  the  cone  of 
the  precession). 


Xn  sufficiently  dense  layers  pf  the  ataosphere  where  the 
oscillations  in  angle  oi  attack  are  stall,  a change  of  the  aaplitude 
of  csCillatioqs  is  deteraiqed  with  the  aid  cf  asyaptotic  aethod  [2]  - 
£.3  frpa  the  foraula 


Cexp 


cl 

J \ 2 IV 


qSl * c ; qS 

"2mV 


\dt 


I 


V m\  qSl 


(1) 
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uhfre  m:'*  - derivative  of  the  coefficient  cf  jtfce  daaping  aoaent  in 

* - «/  *** 

diaenaionleee  aagtrlar  velocity  ; fy  m ml-  tkf  derivatives  of  the 

lift  coefficient  and  pitefaiag  acaeot  ia  eagle  ‘if  attack  a (all 
derivatives  are  calculated  for  0=0);  S)  a - characteristic  area, 
length  and  the  aass  of  tefcicle;  V - velocity;  j^*pVa/2  - velocity 
bead;  C - constant. 


'K^agJe»«>^*M*wC^  .aw^PM^w*  «o 
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Fig,  1. 

Page  47. 


In  the  case  qf  the  large  y,  *hen  aayaiftctic  aethod  is  applicable 


iq  an  entire  trajectory  of  descent  cpgstaqt  can  be  expressed 

directly  through  angles  4a  and  aqd  : 

cYsin^-fsIn-^)  iftli  ft  -I  ?s<*.  | 

c ~ I <f  <p  \ Q (%) 

C,  (cos  + COS  ---I  II pll  <Pi  ?.  > n , I 

* tiKviv^K* 

•there 


K,  ■“ 


an  initial  equatorial  angular  velocity). 


SSSS^®? 
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In  particular,  for  the  plane  loticn  uben  4t =#2=r/2, 

c=  2V^T:  (3) 

If  pananeter  ji  is  low,  then  picture  significantly  changes.  Let 
us  exdnine  for  an  exasple  the  plane  notion  then  in  ataosphrereless 
space  vehicle  rotates  in  trajectory  place  vitb  constant  angular 
velcc|ty  4„.  Asynptotic  aetfaod  is  inapplidatle  cn  the  section  of 
transition  fron  rotary  notion  to  oscillatpry  - in  the  vicinity  of  the 
bcandiry  of  the  atnosphere.  In  this  interval  of  notion,  it  is 
possible  to  consider  that  the  velocity  and  the  flight  path  angle 
virtually  coincide  with  rate  of  ontry  V0  and  the  angle  of  entrance 
$ai  and  to  disregand  daipiqg  effect  (terns,  proportional  mf,  and 
c’y).  then  equation  of  action 

d2*_mt{*)qS 

dt 2 7 <4) 


taking  into  accouqt  dependence  p = Pog-x//  via  .substitution; 
-v  = 1/  can  be  ccnvested  to  the  following  forn: 


d7 a . 1 da 

~dx  •'  '~x~dx 


4"  h (**)  ~ 0, 


(5) 


ftl  (l) 

yhere  /i(a)= — - - the  staqdardized/ncrsali aed  icnent  characteristic 

m, 

d&/da(0)*1  (sinilar  equation  for  the  linear  case  was  exaained  in  work 
[<6  ])  . 


Initial  conditions  caq  be  fixed  fcr  the  lev  value  x0  (low 

values  p): 


/o 1 


* (•*■«)  — ®o>  "7T  (*e) 


2«»0 


d*  ' e;  X l/0 1 sin  »0 1 xa  x0 ' 

l«gtnq. 

Vith  large  x when  tbc  aapiitude  cf  tic  oscillations  becoaes 
stall*  it  is  possible  tc  count  that  b(«)  and  to  present  the 

- - „ u,  i «; 1 - '*  c ‘ ; 

acluticn  qf  equation  (S)  through  Bessel  fvpcticns: 


a Cj  / * (x)  4*  C,  Yq(x), 


(6) 


which  hate  the  following  asyaptctic  representation: 


/oW=y.Ac„,(x_^)[,+o(_L)]; 

r‘M  - Y^m  (*  - f)  [ 1 + 0 (4)]  • 


Sage  48. 


leace  it  follows  that  aapiitude 

of  the  angle  of  attack  a,(i  with  large  a-  can  be  presented  in  the 
following  form:  / 


(7) 


nt  ^ -i  » 

1/2  y* 

where  x a constant  which  depends  on  the  initial  conditions  («0  and 
With  a fixed  ft  function  x 4fpendiag  on  «0  Csufficient 

to  exacine  range  -»<«0<»)  has  with  certain  «o  = «„ > the  infinite  peak, 

which  corresponds  to  suspension  of  vehiclh  in  the  position  of 

unstable  eguilibriun  during  transition  fret  rotary  notion  to 

oscillatory.  since  the  initial  talus  an  is  fere  or  less  arbitrary,  to 

conveniently  present  fuacticn  x depending  cn  \<io— ao~«o*. 


Results  of  calculation  according  tc  equation  (5)  for  purpose  of 
the  determination  of  f uccticn  % (t»,  &Uo)  fer  the  sinusoidal  aoaent 


m 
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FACE 


no 


characteristic  h(a5)=sia«  {sphere  with  eccentricity)  are  given  to  Pig. 
2.  High  large  p function  % weakly  defends  cn  A«0  (with  the 

exception/elinisatioa  of  vicisity  Afa^O)*  On  tike  other  hand,  with 
ji<Q.5S  the  carves  x(n,  4a0)’  barely  depend  c*  value  n,  especially  in 
the  nqet  inters  sting  range  of  low  values  Art- 
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Coaseguently,  with  stall  p there  is  no  joed  for  carrying  oat 
calculation  for  each  value  p,  and  if  suffices  rtc  be  restricted  to  the 
cat- pa rase  ter  calculation  of  function  x (A«n>  at  linit  value 
P*0(  Ifol’O). 


Comparing  foraulas  (1)  and  (7)  in  the  vicinity  of  the  boundary 
cf  the  atsosphere,  it  is  not  difficult  to  kc  convinced  of  their 


eguivdlency  with  an  accuracy  tc  the  exponential  tera  in  (1)  whose 
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effect  still  is  no*  exhibited  in  the  vicinity  of  the  boundary  of  the 
astnosphere,  if  ve  assuae  ip  (1) 

C~y.fr, &%)  (8) 

Irca  foraulas  (3}  and  (8)  it  felloes  that  vith  large  jj 

X-2  Vv-.  (9) 

let  us  exaaine  in  acre  detail  the  case  replacing  function 

X(h,  Ana)  00  X(%l,  “hec«  «c=»-^«o-  Fwpctiri  x(a0)  depends  on  the 
f«ra  ft  tl|e  aoaenh  characteristic  cf  function  h(«). 

The  results  of  calculations  for  several  tjpes  of  aoaent 
characteristic  are  given  to  Fig.  3,  is  one  vould  expect  that  the 
decrease  of  righting  aoaeQ'fc 

ia  vicinity  of  ao=180°  leads  tc  an  increase  of  the  aaxiaue 
probable  aaplitudes,  proportional  to  values  X ia  vicinity  ao*0.  it 
is  reil/actual,  in  these  cases  the  ccnditicas/acde  of  hovering  lasts 
longer  and  vehicle  is  cun  ap/turned  to  los  angles  of  attack  vith 
large  velocity  heads,  vfcich  leads  tc  acre  icterse  oscillations. 


gj pivSM-s*'**' 


■ j--  ', 
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fig.  3. 
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Ad  increase  "coepletene***  [//<(«)  dul  pf  *c*ent  characteristic  also 

0 

leads  to  the  increase  of  the  laiiane  ftcbakie  asplitudes  of 
oscillations. 


thus,  with  jj<<  1 it  suffices  to  find  tts  distribution  of  probable 
wulues  a0  on  the  boundary  of  the  atacsphere.  this  derivation  is  valid 
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both  for  a plane  &£d  fox  the  spatial  aotipp  of  vehicle  about  the 
center  of  sass.  since  tie  action  of  vehicle  in  the  extreme  case  with 
w 4£  planer  the  spatial  notion  cf  vehicle  with  becomes  close 
to  plane  in  the  seyise  that  the  ratio  of  minimum  solid  angle  of  attack 
t,Q  majfinun*  undertaken  for  cne  oscillator?/  period,  vanishes. 

let  us  examine  the  diverse  valiants  of  the  distribution  of  the 
initial  angles  of  attack  axisyametrical  vehicle  on  the  boundary  of 
the  atmosphere. 

1.  Plane  notion;  %„~0,  <p,  <ps  * -£.  t <ps~a(1.  in  this  case  the  values 
ee  are  eguiprobable  to; 

p(ao)~ . ^(«o<«)-4-  o°) 

it  it 

2.  All  direct/ions  cf  initial  moment  of  acientum  in  space  are 
eguipxohable.  in  this  case  net  one  »cf  tie  2 directions  of  vehicle  in 
space  it  is  preferred,  if  there  is  no  correlation  between  values  #a 
amd  #*.  It  is  hence  not  difficult  tc  ettaip: 

P(%)  ^ bin «u.  />(«„<*)  = . (II) 

3.  Let  at  torgue/neneqt,  which  precedes  isclation/evolution  of 
descent  vehicle  from  spacecraft,  ship  he  stabilised  on  velocity 
vector  and  possesses  very  siall  or  zero  it  is  stabilized  on  velocity 
vector  it  possesses  very  small  or  zero  aqgmiar  velocity.  After 
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isclaticn/evolution  the  axis  of  the  syaaetry  of  vehicle  completes 
regular  precession}  relative  to  axle/axis  44  the  position  of  this 
qrle/ixis  can  be  described  ty  angles  ia  aad  ^ (see  Fig.  1).  Ingle 
\|>  cdn  be  considered  eguiprotable  randca  variable  in  the  range  0~2v 
(it  suffices  to  be  restricted  to  interval  C-*>#  it  is  deterained  by 
the  aagle  between  planes  (H,  V)  and  (r  ^ V)  , where  r - a vector  of 
local  vertical  line- 

tor  determination  cf  acgle  #t  at  the  iwcaent  of  entry  into  the 
ataospbere,  it  is  possible  to  utilize  the  xeletionshipAatio 

cos 9,  s=s  cos  (i  cos  <f j ( sin  ^ sin  cos  i,  (1^) 

where  /3  - an  angle  between  vectors  <of  s pee  d at  the  aonent  of 
isclation/evclutiop  and  at  the  aoaent  of  eqtry  tinto  the  ataosphere 
(see  tig.  1) . 

ingle  of  attack  the  descent  vehicle  on  boundary  of  the 
ataosphere  a0  is  deterained  by  foriula 

cos «0  = cos cosy,  --  sin  <p,  sin  <f„.  cos  <?,.  (13) 

Knowing  distributicn«p(  dt)  and  p(.j,)=-L  it  is  possible  to 
find  distribution  p(dt).  If  fs-~  0 — 0),  then  #t=arccos(sinpcos^ 
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| coscp,  | < J sin  pi ; | (H) 

jcosf,  |>|slnP|.  | 

Key:  J1) . with. 

Eegf  SI. 

Bence,  taking  into  account  that  p ( #3)  cosa0ssin#tcos#3, 

and  calculating  function  distribution  according  to  the  distribution 
cf  arguaeqts  £7],  ve  sill -obtain: 


^ (t)  IIJ)H 

V 

» * 

1 

I slr*  *«!  \/0 

1 sinpj/^P” 

sin  P 1 ^ , j 
slna„  j ''  ) 

Ke^'-0Vv,N*Hv. 

Here  K(k)  - coaplete  elliptical  integral  of  the  first  kind.  It 
is  interesting  to  note  that  with  «$*i?  and  fo*r*0  the  density  of 
distribution  p (o0)  goes  to  infinity.  If  «\„/0,  it  is  necessary  to 
consider  distribution  p ( #3). 

let  us  assuae  that  the  initial  angular  velocity  appears  as  a 
result  of  the  effect  of  perturbation  ac lentus/iipulse/pulse 

N:-(Nt NyN,)  at  th<  aoaent  cf  iaolation/eaclutign,  so  that 

N N N 

u)t0  = -~,  u>y!iz=z~j± , -f-,  and  tbe  value  of  sacb  pulse  coaponeat  is 

* t ' 

distributed  according  to  ncraal  lav  vitb  dispersions  oj  and  = o*  =r  o*. 


P1GE 


sin  <p, 


/A 


w 


T'  \ slnJp— cossf, 
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then 


P(N} 


>-W 


N‘ 


P(N,) 


le  4 

It 

jV  -1 


(ifi) 


where  /V, - V~N)  + n\  - equatorial  ic«eatua>iapiiise/pulse. 


Since  1Z±. 


- tg  9v  TO  P (?s)  - p | ardg 


^^j'.  (j).  -fKe*V 

'calculating  function  distribution  acccxdinc  to  the  distributions 


cf  arguments,  we  will  obtair: 

P (?*)  = 


_d 

d'f, 


P(?i  <f)=\  — 


^(-r^y 


07) 


Since  with  the  aid  of  relationship/ratios  412)  and  (13)  it  is 
possible  to  express  the  value  o0  in  tens  cf  tbc  value  of  the  angles 
4jti  <j>  and  #9  whose  distributions  are  know,  it  is  possible  to 
calculate  the  distributions  of  probabilities  p (a0)  and  the  integral 
probabilities  P («0<«)  for  the  different  values  of  the  angle  0 and  of 


parantter  2 


. The  results  of  numerical  calculations  are  given  to 
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fjlg.  4-7.  let  us  Qote  that  with  an  increase  in  the  paraaeter  Q, 
beginning  free  zero,  the  peak  c £ function  P (4e)  with  ao**;~0 
disappears,  but  another  peak  with  ne=0  grpv/rises. 


Page  12. 

Kith  §>*/ 2 values  p (*„)  in  vicinity  aa^ar  grew/rise  at  first*  which 
indicates  an  increase  in  tlje  probability  pi  appearing  the 
cogditions/aodes  of  hovcrinc,  while  with  further  increase  Q,  all 
value#  a0  are  confined  to  angle  0,  distribution  p (a0)  degenerates 
iatc  delta  function  6 (a0~f)  and  values  p (p0)  vith  a0fpt  including 
ic  vicinity  a#-v«  they  vanish.  It  is  necessary  to  note  that  with  that 
fix/ recorded  Q 

/>(*•>£)— P (*  — «w,  P). 

P(a,P)=:  1 -P(rc  — a,  n~P), 

therefore  are  given  the  results  only  f<  0>»/2. 


Bet  us  deteraine  the  aiplitudc  cf  tbs  cscillations  of  angle  of 
attack  am  and  saziaua  transverse  cvenlcad  nnmtl  with  the  aid  of 
fotaelas  (1)  and  (8).  Being  liiited  to  the  case  p*0,  we  will  obtain: 


STTi  • 
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Ug.  4. 


Fjkg.  1. 

Page  S3. 


It  «e  aake  an  assuipticn  Jsin^«  nx,  tian  last/latter  factor  is 
sii(14f ied: 


, */  A2  sin2  9,  , vn 

"'t 


m * 
* 


(1!)) 
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laving  a dependence  of  density  on  velocity,  it  is  possible  to 
dateraine  the  law  of  aa;litcde  change  along  the  trajectory  of 
descent. 
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F>9-  6. 


rig.  7. 

Page  S 4. 

|j£  we  consider  that  fl*ccnst  (this  assnipticn  it  is  fulfilled 
xjth  large  6;,  p — pne-XH,  then  cn  the  tasia  [8] 


(20) 
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whence  it  follows  that 


,/■  A*  sin*  6 . ; 

"""V  ri7^'We,,p 


pS  ^ — <?J  -t-  C,  -+• 


4 niK  | sin  9 1 


(21  > 


aaxiaua  transverse  overload  n„ 
for aula 


I | *„  q$ 

mS3  ' 


is  deterained  by  the 


Wii  „,jx 


X(«n) 

2V.  <>*/.“ 


r.i  +*  T 


*V 

u: 


(~  w,> 


Ko^l  sin  8 1 *4  /'■ 
£3  («*)''• 


(22V 


Here  g3  - terrestrial  acceleration  <of  gravity  in  units  of  which 
cverlgad  is  measured. 


Ihe  separate  groups  af  factors  characterises  the  effect  of  the 
aencdjnaaic  characteristics  of  vehicle. 

In  conclusion  let  us  note  that  the  boundary  of  the  atmosphere 
H4,  frea  which  begins  the  noticeable  effect  of  aerodynamic  aoaents  on 
action  about  the  center  of  mass*  is  arra&ge/lccated  above  the 
boundary  of  the  atmosphere  ti20  beginning  with  which  the  trajectory  of 
vehicle  it  differs  froa  Keplerian.  It  is  zeal/actual,  height/altitude 
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fl*  can  be  determined  with  the  aid  cf  relaticnsbip/ratio  (20)  from  the 
condition  that  the  velocity  decreases  in  comparison  with  the  rate  of 
emtry#  for  example,  by  0-  lo/c: 


Pl  l)  500rri* 


(23). 


Beight/altitude  Ht  caq  be  determined  Mien  the  initial  value  of 
angle  cf  attack  decreases,  for  example!  by  ic/c.  In  accordance  with 
fprmula  (6)  with  >j=0  for  small  a is  valid  to  the  formula 


Bence 


a^a0J0(x) 


p(H))  «= 


A»sln86 
50  J mJtS/ 


» 


//,  - //, 


2 

x 


]ntm 

p(*>) 


ml  | rn  i | 
lO/X|sfn0|cr  ' 


(24> 

(25) 


lifference  Ht-H2  can  reach  several  ten  kilometers.  Let  us  note 
that  the  angle  of  entry  into  the  atmosphere  da  in  formula  (18)  should 
be  calculated  precisely  for  height/altitude  fi». 


The  authors  express  appreciation  to  A.  1.  Kur'yanov  after  aid  in 
the  formulation  of  the  problem  and  valuable  observations  according  to 
the  results  cf  work. 


Page  55 
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&18DI  Of  TBAJICTORJES  Of  TUI  SPACECRAFT  UACRCEII  FROM  THE  SURFACE  OF 
TRB  flee*  AMO  REENTERING  TEI  ATBOSPPIBE  OF  TIE  IIBTH. 

V,.  7.  Deiishkin,  V*  A.  II' in. 

Page  96. 

the  study  of  trajectories  space  eguipient,  that  starts  froi  the 
surface  of  the  aoon  and  retorting  in  the  atsesphere  of  the  Earth,  is 
Cjeodudted  with  the  aid  cf  the  apprexiaatipn  net bod  by  which  they 
disregard  the  sizp/diaensiers  cf  the  sphere  of  influence  of  the  aoon 
i<a  ccaparison  with  distance  an  Earth-icon  drring  the  calculation  of 
gecceatric  section,  they  replace  the  proper  notion  of  the  aoon  by 
lotion  along  circular  Keplecian  orbit,  is  *ct  considered  a change  in 
the  vector  of  the  orbital  speed  of  the  aopp  for  the  tine  of  the 
selenpspherical  notion  cf  vehicle  and  the  extent  of  active  section 
vitb  start  froi  the  surface  of  the  icon. 

is  briefly  exanined  the  scheaatic  efi  performance  calculation  of 
the  geocentric  and  selenospherical  notion  cf  vehicle.  Are 
establish/installed  the  properties  cf  the  invariance  of  the 
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parameters  of  trajectory  with  respect  to  the  replacement  of 
n.ccapcgeai)  geocentric  f light/passage  of  opcn-Barth,  apogean  and  vice 
versa*)  also,  to  the  representation  of  trajectory  relative  to  the 
plane  lunar  orbit.  Ire  civet  the  results  pf  the  calculations  of  the 
cegoixed  rates  at  the  end  of  the  active  secticn  and  areas  on  the 
surface  of  the  noons,  ftca  thich  is  feasible  the  output  to  the 
assigned/prescribed  flight  trajectory  to  the  Earth.  Are  given  the 
estindtions  of  geographic  latitudes  c-f  landing  spot  during  approach 
fro  the  side  of  the  North  Pole  for  trajectories  with  single 
inversion  into  the  ataosphere. 

§1.  Fgraulation  of  the  prcbles.  Basic  asswiptiors.  Set-up  of  the 
solution  of  problea. 

Bet  us  exanine  following  task.  Space  vehicle  (Fig.  1)  , which  is 
located  in  the  given  point  cn  the  surface  cf  the  aoon  (point  0} , 
starts  and  ccapletes  passive  f light/passage  to  the  sphere  of 
influence  of  the  aoon  (poi*t  1).  After  leaving  the  sphere  of 
influ4ace  of  the  aoon,  vehicle  ccapletes  passive  flight/passage  to 
the  Barth  so  that  the  perigee  cf  the  orbit  cf  return  (conditional 
perigee)  is  arrange/located  in  the  dense  layers  of  the  Earth's 
ataosphere  on  the  assigned/prescribed  distance  froa  the  surface  of 
the  Edrth  (point  2) . 
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The  trajectory  of  flight/passage  acon-Earth  eust  satisfy  a 
secies  of  the  liaitaticBS,  basic  fren  vhidh  they  ace:  the 
assigaed/prescribed  inclination  of  the  place  of  flight/passage  to 
egmatgrial  plane  i;  the  selected  latitude  ef  conditional  perigee 
¥*;  assigaed/prescribed  power  engineering  cf  tccster  stages  of 
vahiclf  - cate  V^o  at  the  end  of  the  active  section  with;  start  froa 
the  surface  of  the  soon*  liiitatiop  fra  a above  the  duration  of 
flight/passage  aoon-Barth  ta2;  the  realization  cf  tiae/teaporary 
«ating,  i.e.,  the  selection  of  this  ter guC/ioaent  of  start  fcoa  the 
surface  of  the  boob  and  such  duration  of  flight/passage  aoon-Earth, 
pith  which  the  return  tc  the  Earth  would  be  rgalize/accoaplished  at 
the  agaent  of  tiae,  convenient  for  laeding/fitting  of  vehicle  at  the 
given  pciqt  of  the  surface  cf  the  Earth. 

Eage  17. 

Stated  problea  represents  by  itself  the  very  coupler  two-point 
fcpandiry-value  problea  whose  quaerical  solution  by  the  procedure  of 
spherbs  of  influence  [ 1 ],  [2]  cr  by  acre  precise  aethods  is  connected 
with  the  overcoaing  of  the  considerable  difficulties,  caused  in 
essence  by  the  need  for  knowing  certain  spluticu  of  problea, 
sufficiently  close  to  unknown.  For  approximate  solution  of  task,  let 


us  assune; 
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■*  the  effect  of  the  mcco  cn  vehicle  it  is  Halted  to  the  liaits 
cf  its  sphere  of  Influence^ 

-*  daring  the  calculation  of  tie  geocentric  trajectory  phase  it 
is  possible  ail  tire  geocentric  and  selenospterical  parameters  on  the 
sphere  of  influence  of  the  sect  to  replace  by  the  appropriate 
parameters,  calculated  in  the  center  of  attracting  mooaj 


* the  moon  moves  op  circular  Kepleria?  orbit;  the  vector  of  the 
crbital  speed  of  moon  l?n  for  the  time  of  the  motion  of  vehicle  in 
selenpsphere  is  considered  constant/invarjafclej 


- the  extent  of  active  section  with  the  start  of  vehicle  from 
the  surface  of  the  moon  can  be  disregarded. 

Comparing  given  formulation  of  the  problem  with  the  formulation 
of  the  problem  in  {3],  we  note  that  the  problem  under  consideration 
can  be  solved  in  accordance  with  the  scheme  presented  in  [3]  and 
with  the  use  of  the  results  obtained  there: 

- regardless  of  the  seleno  centric  motion  according  to  the 
procedure  [4],  [5]  are  determined  attitude  sensing  of  the  plane  of 
geocentric  fligbt/passage  moon-Earth  and  the  parameters  of  this 
flight/passage  from  the  condition  of  tangential  return  in  the 
atmosphere  of  the  Earth,  as  a result  cf  which  is  located  the 
vector  of  selenospherical  speed  of  vehicle  Vci  in  exit  point 

on  selenosphere; 
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..u  ,,\<r  is  determined  according  -to>  the- .procedure  o£.  worio  C*3]  the 
se.lenpspherical  hyperbola  of  vehicle,  passing  through  the  given 
point  on  the  surface  of  the  moon  and  which  ensures  on  selenosphere 
to  vehicle  rate  Vct- 


„ *yW^cj?*^,wS'r*  v , . 
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Key:  |1) . noon.  (2).  Ortit  cf  seen.  <3) . Earth. 

Fage  58. 

lith  the  synthesis  of  tra jectcries  aocn-Earth  are  considered  all 
the  fgraulated  above  lisitations  with  the  e*cep tion/eliaiqation  of 
the  rdguireaeqt  o£  tiac/tf .. , orary  mating,  let  «£  note  that,  as  in 
£5],  4 guesticn  concerning  tiae/teipcraty  sating  here  is  not 
ejtasiaocl,  since,  in  the  first  place,  for  its  account  is  required  the 
■pre-  praise  trajectory  calculation  and,  it  the  second  place,  this 
sating  does  not  in  practice  affect  the  characteristics  of  the 
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trajectories  of  flight/passage  aoop-Earth, 

faking  into  account  tbe  unifoxa  character  cf  stated  problea  and 
task  qf  the  synthesis  pf  the  trajectories  c t the  flight  around  of  the 
ncqn  04],  and  also  the  first  three  assaaptiens,  it  is  possible  on  the 
basis  of  tbe  given  in  £4],  £5]  results  cf  ccaparative  trajectory 
calculations  of  the  flight  around  cf  the  acce  eaploying  the 
approfiaate  procedure  and  tbe  procedure  of  spheres  of  influence 
(radias  of  the  sphere  of  influence  cf  aeon  rti>  is  final)  to  confira 
that  fn  the  task  in  guestian  the  paraaetecs  of  approxiaate  solution 
atst  be  coordinated  veil  vith  the  parameters  of  the  corresponding 
solution,  obtained  according  to  the  procedure  cf  spheres  of 
isfluance.  As  concerns  last/latter  assumption*  cn  the  basis  of  the 
uuaerqus  calculations  of  the  povered  flight  trajectories  of  rockets 
if  is  possible  to  ccnfira  that  the  disregard  of  their  extent  does  not 
lead  tc  any  noticeable  error. 

§2;  Geocentric  and  selenospberical  the  traj«ctcry  phases. 


(tor  deteraining  the  orientation  of  the  plane  of  fliglrt/passage, 
apcn-larth  and  the  positions  cf  the  radius- teeter  of  vehicle  in  this 
plane  are  assigned  the  inclination  of  the  plane  of  the  orbit  of  the 
appu  to  eguatorial  plane  in,  tbe  arguaent  cf  the  latitude  of  the  noon 

ATj,2  asnd  </ 1 rect'\0>\ 

/,  angular  stage  distance  acon-larth^pf  the  notion  of  vehicle 
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during  approach  to  the  Earth  with  respect  tc  the  hemispheres  of  the 
Earthy  As  a result  are  located  the  arguseats  of  the  latitude  of 
vehicle  ua  and  u2  at  points  1 and  2i  angle  «t  he tween  the  plane  of 
the  orbit  of  the  agon  and  the  plane  of  flight/passage  loourEarth 
a.»>Q,  if  the  shortest  rotation  frea  the  transversal  coapoqent  of  the 
vector  of  the  geocentric  speed  cf  vehicle  Vu  in  point  1 to  Vn 
is  visible  in  direction  frga  the  Earth  to  the  icon  that  occur 
c.ountdrclockvise,  and  alse  ?«■ 
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Key:  Jl).  Plane  selenospbesical  hy per-»axea.  (2).  Soon.  (3>»  Sphere  of 
haflutnce  of  aoon. 


Page  59. 

the  direction  of  the  action  of  vehicle  with  respect  to  the 
hemispheres  of  the  Barth  is  characterized  k>  paraaeter  sgnjcos  ut: 
kith  sgncos  ut*+1  flight/passage  acen-Earhb  cccars  through  the 
northern  Hemisphere,  and  eith  sgnccs  u,=-l  - through  the  Southern 
Beaisphere.  During  the  calculation  of  the  dynaaic  parameters,  the 
trajectory  of  flight/pacsage  accn-Barth  is  considered  as  arc  of  coaic 
section  in  the  specific  afecve  plane  kith  perigee  radius- vector  rn, 
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passing  through  th«  radius-  vector  cf  u«co  rn{rXtrn)**  Av,n.  Assigning 
valued  r„  rn  and  At),,,  is  determine  all  paraueters  of  this 
flight/pass  ago.  The  results  cf  the  calculations  of  the  paraaeters  of 
the  geocentric  section  cf  flight/passage  sccn-farth  ace  given  in  [5]. 

let  us  introduce  t be  rectangular  right  systes  of  selenocentric 
coordinates  xc  yc  zc  (Fig.  2):  Mi  % f xc  is  the  continuation  of 
uectox  rn,  &.* ts  it  coincides  uitfc  vec£cp  i7n.  let  us  Introduce 
also  the  spherical  selenocentric  spates  of  coordinates 
rc.  ?c  (rc  selenocentric  radial  distance,  longitude  -|.xc  is 
epentdd  off  in  plane  xcye  frea  line  an  £«rth«soon  counterclockwise, 
if  ue  look  frqn  axle/aais  f?c;  latitude  + *«—  fron  plane  xcyc  to 
the  s£de  zc > 0).  Wh;»n  xc,  <pe  is  detetnlned  Ue  position  of  point  oq 
the  serf  ace  of  the  noon,  ue  designate  thee  through  in,  ? , . 

fhe  position  of  vehicle  on  the  surface  of  the  soon  (point  0)  is 
assigned  by  vector  rc0  = ( - cos  cos).^,  — cos-f^  sin  sin^},  where 

Rn-  the  aean  radius  cf  tie  soot* 

•a  selenosphere  |rc|r=rcit,  is  assigq^prescribed  freely  aoved  on 
it  vector  Vt  ,=  (/,-  vn,  Shore  v\-  the  vector  cf  the  geocentric 
speed  of  vehicle  ip  point  1.  In  projections  cn  axle/azis 
X',  v,,  zc  Vtt  it  has  the  cospcnents 

^ci  = {^i,.  V\t  cos  a,  — Vn ; V,,sli!«,}.  (i> 
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here  K, , > 0,  But  racial  coapcnent  of  geocentric  rate 

^,,<0  fott  the  geocentric  route  1,  which  dees  aot  contain  apogee 
(At),j<  180°);  Ktr>0  foe  the  geocentric  route  C,  which  contains  apogee 
(Allu>180o);  1/, , 0 for  geocentric  Hchienn  f ligbt/passage  (AtjI2=  180°). 


the  task  of  the  calculation  c t selenpspherical  aotioa  is  reduced 
t.c  the  construction  of  selenospherical  aotica  it  is  reduced  to  the 

qoBStsuciion  of  the  selenoapher icai  hyperbola,  passing  through  vector 

«♦ 

rt o and  by  that  ensuring  to  vehicle  on  selencsphere  the  achieveaent 
of  vedtor  |.  Let  ua  introduce  the  unit  vector 


r c0> 


V' 


IKo.  vtl)\ 


(2> 


serial  to  the  plane  of  hyperbola.  Iroa  the  side  of  unit  vector  /„ 
the  rgtaticn  froa  fe0  and  Vit  te  the  shortest  angle  8 is  visible 
that  qccur  counterclocksise: 


COS  {3  = 


('’cot  i>c) 

R.n  V'c 


(3> 


Page  60. 

In  [31*  it  is  shown,  that  if  w«  oonsider  j/(I  directed  along 
the  aayaptote  of  hyperbola,  then  with  an  accuracy  to  saall  j < 
where  i\,c<Rh~~  selenoceptric  distance  of  the  pericenter  of 
hyperbola,  we  have: 
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the  focal  paraietez  of  ti*e  hyperbola 

*-«•[■/■  -T^sl"’?  + > C0»P  + T • « 


4cceqtci.cj.ty  of  tke  hyperbola 


ec  — 


(5) 


1 _ 

•era  ' TJT__L  tfc«  ass  igned/pjrescr  iked  real  seai-axis  of 

K H f c(^ 

hyperbola?  Kn  — the  gravitational  cogstaat  of  the  soon,  the 
orientation  of  hyperbola  is  assigned  by  me  if  vector  (2)  and  by  the 
directed  to  pericenter  suit  vsetor 


\ 


7 rc0  , Vel 

rct  Vcl 


ushers 


COSir)ea-j cosp 

sin*'(3 


1 


+ COS  (J  COS 

sin*p 
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Here  rk o — the  trad  aconaly  of  pcingt  cf  start  on  the  surface  of 
the  apon  in  the  plane  of  hyperbola.  Angle  f>  varies  within  the  liaits 
G$p$f!<w,  where 

C0S?==~T^“'  (6) 

ac 


Sith  0=0  the  launching  point  frca  the  surface  of  the  Boon  is 
p£ric4nter  of  hyperbola*  with  0=0  we  have  vertical  cliab  in 
selenfsphore. 

In  connection)  with  flight/passages  npcn-Earth  with  start  fron 
the  sarface  of  the  noon  let  us  establish/ jqstall  the  properties  of 
the  invariance  of  the  characteristics  of  sc lenc spherical  notion* 
analogous  to  the  pnoperties  of  the  trajectories  of  the  flight  around 
of  the  noon  [5]  and  of  the  start  with  crbjt  cf  ISL  [3]. 

Oaring  the  re  place sent  of  the  ncnapogcan  rente  A by  apogean  c or 
vj.ee  versa  in  \/ct  [set  (1)]  reverses  the  sign  1st  coapoMnt  Vlr 

let  ns  change  the  coosdinatcs  cf  lasscgiqg  ppiot  rct  so  that 

— ► 

relative  to  the  new  launching  points  agd  vector  t'ci  notion  along 
hyperbola  would  renain  ccnstant/in variable.  lex  this  is  sufficient 
invariability  cos  0.  But  then  iron  <3)  it  fellows  that  in  ?'c0  aust 
change  sign  the  1st  component.  Vectors  i«  and  in  are  replaced  on 
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T,( — £(-j );  here*  also,  subsegueailj  iy  fign  «♦"  are 

designated  the  constant/inv ariatle  icell/eiefepts  of  vectors,  and  by 
sign  the  sell/eleaents,  which  change  sign,  thus,  of  vectors 
'ct  and  U loagitedes  kn,  Kc  ar«  replaced  <«  «— xn,  « — X.c»  of 

vector  iK  lcagitade  )~nc  is  replaced  eg  2n~ k„c,  and  latitude 
f«c-  on  — fnc- 

Page  01. 

Bith  the  representation  of  geocentric  trajectory  relative  to  the 
Flap*  of  t fee  orbit  of  tie  sees,  which  is  egtivalent  to  change  sgacos 
U|i,  yVc,  (see  (1)  ],  reverses  the  sign  -3rd  ccajonent  V’,  ,sin«,. 
Analogously  it  is  possible  tc  show  that  t/fee  action  of  vehicle  in  the 
plane  of  hyperbola  will  retain  constant,  |i  we  replace  rc0  by 
''co  (1-4--).  £ by  M*H — ) and  tj  i„{ — -j),  vectors 

rco  and  i«  <tn  and  <p,  they  are  replaced  cp  — <?n,  — y«c,  end  in 
vector*  7„  ).,c  it  in  replaced  on  * 

§3:  Results  of  calculations  of  trajectory  ci  surface  aoon-ataosphere 
cf  the  Barth. 

Calculation  qas  peiforaed  for  the  following  initial  data: 
rn—rn  cp~384 394,8  fen,  h-  28°  (1SI9-1I72),  r„  = 642i  ks,  i=90<>, 

the  nian  radios  ka  of  6371  Barth,  the  gravitaticaal  constant 
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K*= 398580  Sarth  ha*/**#  1738  ha*  K/,^4889  It**/**# 

rc<t,«66000  kn.  The  basic  mi«d  par a asters  thfj  were  un,  Atj„,  p and 
>;t-  Ira  taka*  into  account  tba  following  a facial 
feature/peculiarities  o i the  ncticc  cf  vehicle  in  the  setting  in 
^uesticn  (see  [3]#.  [5]  and  §2): 

1)  the  parity  of  all  values  on  un  relative  to  value  «_r,=180°; 

2.  "rule  of  recalculation"  [5]  and  invariance  of  chanacteri sties 

cf  the  selencspherical  notion  of  vahiole,  in  accordance  with  which 

lj\)  uj\ 

dating  change  sgacosut  (far  J it  is  replaced  on  un  + 180°,  a„  y, 
and  they  reverse  signsj  pasasatars  of  hyper kola  in  its  plana  are 
not  changed. 

3)  t.'ae  synaetry  of  salanosphecical  characteristics  on  A yj,2 
relative  tc  value  at,„=180o,  in  accordance  kith  which  daring 
transition  that  of  route  A tc  rcute  C and  vice  versa  >;i  is  replaced 
ca  180° — and  <?;,  and  all  paraaeters  of  hyperbola  in  its  plane 

renaia  constant/invarialle. 

felooity  at  the  end  of  active  section  Vc0  does  not  depend  on 
the  location  of  launching  feint  on  the  surface  cf  the  noon;.  Since 
Vf  i Vnt  fro*  (t)  follows  very  weak  depetdapee  VcU  Vco  and  the 

paraaaters  of  selenosphecical  aotic*  o*  in,  un  and  i (Pig.  3).  Thus, 
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th#  plnMtu s of  selengsp^erical  action  lie  deterained  ia  by  basic 
va  1m  Atj,,  and  by  tk«  coordinates  of  l«Mcfcia$  point  iA,  <tn.  It  is 
virtedlly  iaportant  that  VA B unlike  /c,  weakly  depends  also  on 
A%.  is  a result,  disposing  of  stall  supply  it  the 
aoaontua/iapulse/pulse  cf  velocity  3CO-4O0  i/s  in  coaparison  with  ain 
•if  Kc o ^ 2510  a/s,  it  is  possible,  changing  crientatioa  Ven,  to 
realize  start  to  the  Earth  froa  different  points  of  the  surface  of 
the  afon  along  essentially  differert  trajectories  aoon-Earth. 

In  the  case  of  vertical  cliab  is  seleic sphere,  vectors  rc0  and 
Pt,  are  collinear,  whence  taking  into  account  V^'CKn  we  obtain: 

tg  *•/!  >epr  =*5 ns—  , max  tg  | 9^  | a'pT  ~ rr^  , 

v I r " a 

sgn  fn  itpt  - sgneos 

Hence  At  follows  that  the  trajectories  aqcn-Earth  with  vertical 
clitb  in  seleqosphere  can  ke  realized  froa  very  narrow  area  on  the 

surface  of  the  noon  vies  0<Xfl<K,  |?/i }<  10°, 5. 

Face  12. 

la  order  to  rete/estinate  the  aaxicui  sizes  cf  area  on  the  surface  of 
the  agon,  froa  which  is  feasible  the  output  tc  the  predetermined 
trajectory  of  flight/passage  xocn-Eartb,  let  as  exaaine  trajectories 
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with  tangent  to  surface  the  soon  by  start  at  Uniting  values  0=0. 
Froa  giveq  to  Fig,  4 depeadcaces  p = p (in  , «/i i,  A*),2),  calculated  on 
(6)it  is  apparent  that  vit|  ipcxeaat  Vtl  p it  decreases, 

•hen  Vt , - oo  p . J- ; max  p (/*  « 28°,  i = 90°)  142°. 

* {“/!•  H*} 


She  locus  of  start  with  0=  0 represents  t|«  intersection  of  plane 
Kith  aornal  vector  V'n  with  the  sphere  of  radius  Ra ; the  results 
of  thd  calculation  of  boundary  curves  are  given  to  Pig.  5 (change 
)-,i  daring  transition  frea  route  A to  C is  taker  into  account  by  the 
aartiag  of  axle/axis),  frea  gecaetric  considerations  it  is  clear  that 

mu  ~ — <fjl  iti>T  H-  (w  “ p),  9/1  min  — 9/1  nept  — (*  — P), 

1/1  mix  ~ ^-/l  iupt  Pi  ^/l  min  ~ ^/)  »epi  4"  P . 
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Kej:  V).  [k«/s].  (2).  resignations  without  brackets  for  3gn  cos 
ua*1.  (3).  Designations  ii»  bracket*  for  a9a  co*  u»=1. 
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Key:  11).  Designations  without  brackets  fpr  sgc  cos  us*1.  (2). 
Designations  in  brackets  for  sgn  ccs  nt=1^ 

Paige  S3. 

frcn  the  points  of  lonar  surface,  which  fail  inside  ovals  Pig. 

5w  thd  start  to  the  Earth  with  given  cges  in  , un  , i,  A *1,3  and  sgncos 
u4  is  impossible.  Bitfc  increase  Vc „ -the  area  cf  possible  launching 
p.cist*  fron  the  surfaoe  of  the  noon  decreases  a«d  is  confined  to 
vectot  v\ Pith  ^,,<3250  a/s  is  always  feasible  the  start  to  the 
Earth  for  any  <p.i  “hen  43°  < Iji  < 137°,  fgn  any  ^ then 
<P/i>73c,  <tn  < --  65  ip  the  case  sgn  cos  <pji>65°;  y,l<~73'’  in  the 

case  tgn  cos  e,*-1.  Thus,  the  use  of  trajedtcrles  vlth  inclined  lift 
in  selenosphere  significantly  expands  the  area  cn  lunar  surface, 
wbenct  is  feasible  outpet  to  assig ned/pxesexihed  trajectory  of  flight 
tc  the  Earth. 

luring  the  approach  of  vehicle  tc  the  Earth  fijoa  the  side  of  the 
Sprth  Pole  and  realization  cf  the  trajectory  of  landing/fitting 
vehicle  with  single  inaersien  intc  the  atncspheie,  they  can  be  of 
interest  of  the  value  of  geographic  latitudes  cf  the  points  of 
laoding/fitting  <p®.  Range  angle  frcn  tie  feint  cf  conditional  perigee 
tp  the  point  of  laqding/f ittiag  vehicle  which  with  i=90°  is  equal  to 
a difference  in  geographic  latitudes  of  the  pcigt  of  landing/fitting 
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aad  cfnditional  perigee  Lt,  depends  on  tht  vabue  of  the  saxisuo 
ewer 1 gad  of  vehicle  /ts.  m the  cast  of  Ilia  ballistic  trajectories  of 
descent  at  salats  «i<20  dependence  A?  = A<p(w.)  can  be  obtained 
Kith  the  aid  of  data  given  in  (<].  At  values  «s^>10,  bat  such, 
that  Still  it  is  possible  tc  set/assume  sin6„%om,  where  1rt—  the 
angle  of  the  entry  into  ataespbere,  foes  s«lati«nship/ratios 
A?^20„,  (G{  and  ht=»3408i)[  |7j  we  will  tobbtiu  [bad]. 

Utilising  dependences  %(in,  An,  t,  Sgncos  e, **  1,  Avj,,)  fsos  [5]  and  Af (nt),  it 
is  possible  to  obtain  the  dependence  of  the  latitude  of  the  point  of 
landiag/fittigg  <p®  on  Vc<>  and  m with  tgive*  ones  in , u.i , /.  The 
exaaple  of  this  dependence  is  gives  to  fig.  6* 
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transition  fro*  trajectories  the  surface  cf  the  aoon  ..  the 
Barth's  atmosphere  to  trajectories  orbit  pf  isz  [tfc3  - artificial 
earth  satellite]  - the  surface  of  the  soon  corresponds  to  the 
r.ctatfon  of  action  along  trajectory  I,  this  case,  yet  i,  ^placed 

C*  " aod  ^ ' on  ccs  reverses  tie  sign,  iitk  uhe 

can stant/in variable  vector  cf  the  *fi„t  of  landing/fitting  e\.\  it 

resains  constant/invariable,  /.  reverses  tie  sign,  the  paraneters  of 
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hyperbola  and  the  location  c£  landing  spot  cn  tie  surface  of  the  soon 
reaain  coqstant/invariatle.  Although  the  trajectories  orbit  of  ISZ  * 
the  surface  of  the  soon  differ  in  principle  fret  trajectories  the 
surface  of  the  noop  - Earth's  atuospbexe*  the  ffetors  of  geocentric 
speeds  on  sphere  of  influence  in  both  cases,  as  shov  calculations, 
pot  very  strongly  they  differ  froa  each  ot|cr  £S]«  Therefore  the 
given  above  results  can  be  tsed  for  the  qualitative  analysis  of  the 
properties  of  the  selenospherical  notion  pf  flight/passages  orbit  of 
1S2  - surface  of  blje  neon.  < 


Fig.  6. 

Key:  (1).  keys. 
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SCIENTIFIC  RESULTS  OF  TEE  HIGH!  Of  AuTOMAlIC  iCNOSPHERIC 
HECBITORIES  ‘'•AHTAB'". 

L-  A.  Artsiaovich,.  G.  L.  Grcdzcvskiy,  fu.  2.  Danilov,  V.  N.  Zakharov, 
IU  F.  Kravtsov,  R.  /V.  Kuz'iin,  fl.  Xa.  flarct,  P.  N.  Morozov,  V.  Ie. 
Njkit|n,  A.  N„  Pet  unin,  V.  1.  Utkin,  Vi  HU  Cbulev,  Ye.  G. 
Stvidtcvskiy. 

iith  the  aid  of  geophysical  rockets  was  produced  the 
starting/launching  to  fceight/altitudes  by  ICO-tCO  km  of  autoaatic 
ionospheric  laboratories  with  igas  plasaa-ionic  engines  for 

the  investigation  of  the  prospects  for  controlled  flight  in  upper 
air.  The  obtained  telenetr;  data  about  the  functioning  of  on-board 
systens  and  scientific  instruaents  of  high-altitude  laboratories  aade 
it  possible  to  study  the  condition  of  the  work  cf  gas  ion-plasaa  jet 
engine  in  the  ionosphere  takiqg  into  account  aeteorological 
conditions  and  to  obtaic  the  data  cf  direct  seasureaents  of  the 
paiaadters  of  neutral  ataosphere.  Is  carried  out  the  study  of  coaplex 
interaction  of  gas  ionic  jet  and  neutralizer  (electron  eaitter)  with 
the  plasaa  of  the  ionosphere.  Given  data  of  scientific  processing  of 
the  results  of  the  experiaents  conducted. 
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lutcaatic  ionospheric  laboratories  "Awn/t  *.  Automatic 
laboratories  mlj\cn vti{”  with  gas  plasaa-ionid  engine  are  started  to 
height/altitudes  by  100-400  ka  with  the  aid  cf  sounding  rockets  for 
the  study  of  the  prospects  for  controlled  flight  in  upper  air.  The 
basic  properties  of  upper  air  and  the  (principles  of  the  use  of  upper 
air  f<?r  the  controlled  flight  cf  orbital  vehicles  were  described  in 
works  [ 1 ]*  [2].  Main  in  this  prcblea  is  the  use  of  air  of  upper  air 
fpr  economical  engine  systess.  In  this  case,  the  necessary  for 
afr-bceathing  orbital  vehicles  jet  velocity  into  ten  kilometers  per 
seccnd  can  be  realized  for  a gas  working  aedius/propellant  only  in 
ipg-plasaa  jet  engines  [3]« 

Issential  stage  in  the  study  cf  the  prospects  for  controlled 
flight  in  upper  air  is  the  direct/stxaight  study  of  the  special 
feature/peculiarities  of  the  cocditicos  of  the  work  of  gas  ion-plasma 
jet  engine  (EBD)  in  upper  air,  that  also  was  carried  out  in  flight  of 
antcadtic  ionospheric  laicratories  w/yf h rf)#.*  • 

(or  the  first  tiae  testing  electroceactive  plasaa  engines  under 
real  space  flight  ccnditicq  was  carried  out  at  Soviet  automatic 
station  MProb«n  -2  in,  1964,  where  the  electrcreactive  plasaa  engines 
were  utilized  as  controls  for  an  orientatjcn  system.  One  should  note 
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alsc  the  interesting  investigations  cf  sock  i>n  space  of  aercury  and 
cesiua  ion  engines,  carried  out  during  the  years  1964*1965  in  the 
05  A. 


Page  66. 

The  bhsic  goal  of  the  flight  of  aotesatic  ionospheric  laboratories 
was  the  study  of  interaction  of  eyhacst  jet  of  gas 
plasaa-ionic  engine  with  flight  vehicle  under  conditions  of  flight  in 
the  ionosphere. 

To  Fig.  1,  is  given  the  photograph  of  laboratory.  On  Fig.  2,  is 
gfven  the  schenatic  of  the  laboratory:  4 * gas  plasaa-ionic  engine,  5 
* control  unit  of  the  operation  of  engine  and  aeasuring  coeplex,  6 - 
cn-boaid  power  supplies,  by  7 - teleaeterjfg  egaipaent,  3 - ion 
traps*  8 * electrostatic  fluxaeters,  1,  2 * ionization  gauges,  9 - 
aatenna. 

fn  works  £1],  £2]  they  were  presented  are  the  results  of  the 
flight  of  laboratory  "Antar*"  with  gas  EXf),  working  on  argon.  In  this 
article  are  set  forth  the  results  cf  the  flight  of  autoaatic 
ionospheric  laboratory  "/t/vr/)#”  with  the  gas  plasaa-ionic  engine, 
working  oq  nitrogen.  This  engine  contained  gas  plasaa  source,  the 
electrostatic  accelerator  ef  ionic  nitrogen  exhaust  jet  an;d  the 
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systea  of  neutralizers  - election  e litters.  Besides  the 
thera|cnic~eaitting  neutralizers  which  were  nsec  during  the  study  of 
eegine  on  argon,  Mere  utilized  effective  plasma  neutralizers. 

In  flight  were  aeasnrcd  and  with  the  aid  of  taleaetering 
egwipaent  were  transferred  cn  grcurd  receiving  office  the  basic 
electrical  paraaeters  of  engine,  the  value  cf  the  aabient  pressure  in 
the  ringe  of  installation  of  aotor,  and  also  the  value  of  the 
electric  intensity  and  icq  current  free  the  ionosphere  on  the  surface 
cf  vehicle,  these  data  characterize  interaction  of  exhaust  jet  (ion 
heaa)  with  ionospheric  plaswa  and  they  sai(c  it  possible  to 
rate/estiaate  the  potential  which  acquires  vehicle  in  the  process 
cf  the  generation  of  ionic  exhaust  jet.  The  study  of  the  value  of  the 
potential  cf  vehicle  has  important  value,  since  is  deterained  the 
efficiency  of  the  process  of  neutralizing  ionic  exhaust  jet. 

for  determining  the  petertial  which  acquires  flight  vehicle  in 
the  process  of  the  generation  cf  icqic  exhaust  jet,  was  utilized  that 
described  in  (1],  £2]  the  aethed,  instituted  eg  value  aeasureaent  of 
intenrity/strength  £ - qv  of  electric  field  and  density  I of  ion 
curreat  froa  the  ionosphere  cn  the  surface  cf  vehicle. 
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fig.  i 


Fig,  5. 


Cage  €7. 


Jntensity/strength  l cf  electric  field  of  the  housing  of 
laboratory  "Ahtm"  in  flight  was  deterriqed  with  the  aid  of  two 
electrostatic  flux*eters,  described  in  £1J#  [2]„  Density  I of  ion 
current  free  the  ionosphere  to  the  surface  cf  laboratory  was  measured 
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by  twg  types  of  tire  instruaents:  with  the  aid  cf  the 
collector/ receptacles  of  the  electrostatic  fluiieters  which  accept 
the  ign  flew  of  all  energies,  which  come  in  upen  surface  froa  the 
iogosphere,  aqd  with  the  aid  of  the  collectcr/zeceptacles  of  the  ion 
traps  which  record  ion  flew  with  the  energies*  exceeding  52  eV.  The 
s&heaatic  of  the  used  four-electrode  ic.n  trap  la  given  to  Fig.  3:  1 - 
screen  grid  for  the  eliaipatiop  of  the  effect  of  the  positive 
pptential  cf  grid  2,  3 - suppressor  grid,  4 - collector,  5 - cathode 
fplloaer,  6 - radioteleaetry  systea. 

System  of  the  neutralization  of  gas  iceic  exhaust  jet,  plasaa 
neutralizer.  Neutralizer  in  electr ere active  plasaa-ionic  engine  is 
iatended  for  the  exceptioq/eliainaticn  of  the  accuaulatioa;  of  charge 
cn  the  housing  of  vehicle  and  prevention  of  the  loss  of  reactive 
thrust/rod.  The  ef fectiveness  of  the  process  of  neutralization  as  a 
result  of  the  large  extent  cf  the  regicn  pf  neutralization]  virtually 
can  oe  investigated  only  in  flight  experiaent,  and  aeasureaents  aust 
he  carried  out  at  different  height/altitudes  in  order  to 
rate/4stiaate  the  contribution  of  the  charged  particles  of  upper 
ataesphere. 

Basic  requirements  for  neutralizer  - life,  compactness,  small 
cogsuaption  of  energy  and  substance,  long  operating  tine  is  provided 
by  the  location  of  neutralizers  outside  the  boundaries  of  the  beaa  of 


£<JC  * 7810(1204 


PISi  /fy 


th«  accelerated  ions,  which  sales  it  pess$kle  tc  avoid  its  erosive 
destruction  by  fast  ions.  Bering  t^e  use  pf  a diet  cathode  as 
feutrllizer,  ion  current  fren  enitter  is  liaited  to  space  charge, 
which  leads  to  the  increase  of  the  potential  of  flight  vehicle  and 
reduction  the  energy  efficiency  of  engine*  negative  space  charge  tear 
eaitter  can  be  compensated  for  by  the  stall  cczsuaption  of  cesiua 
iofs,  obtained  as  a result  cf  the  surface  ionization  of  cesiua  atoms. 
On  the  saae  eaitter  it  is  possible  to  obtain  the  necessary  electron 
stress  lot  energy  during  a sufficient  reap* a 1/distance  froa  ion  beaa. 
Sp  werk  plasaa  neutralisers  with  surface  ionization. 
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Key:  11).  V.  (2).  kilooha. 

Eage  68. 

In  the  used  plasaa  neutralizer  c f eaissicn  of  electrons  and  ions 
o$  cesiua*  it  was  provided  fcy  the  tungsten  € ait  ter,  heated  to 
teapexature  of  250Q°K.  The  icdiun  energy  pf  electrons,  which 
deteraines  the  value  of  the  potential  of  handle,  depends  on  the 
filaadnt  voltage,  teapeiatuxe  of  eiittex  and  free  the  flow  of  neutral 
atqas  of  cesiea.  As  shgved  experiaents^  for  obtaining  electronic 
carreat  lt  is  required  the  icp  cccrent  o|  cesioa 
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|t  render/showed  acre  convenient  to  apply  as  work  substance  not 
Metallic  cesiua,  bat  its  alloys.  If  the  used  version  of  pliassa 
neutralizer,  the  e Bitter  is  aadc  and  tungsten  t vsion  with  rbeniua. 

the  scheaatic  of  plassa  neutralizer  is  shewn  on  Fig.  4.  Cesiua 
chloride  was  placed  in  cavity  1 of  housing  2;  the  pairs  of  salt 
entered  tl|e  region  of  the  location  of  eaittfr  3 through  the  aicrogap 
between  pin  4 and  the  housing.  Cesiua  chloride  dissociated  on  the 
incandescent  surface  of  eaitter,  then  oca  at  red  the  partial  ionization 
cf  cesiua  atoas.  She  necessary  flow  pair  was  obtained  at  the 
teapecature  of  cesiua  chloride  of  65C-67Q°C. 

lefore  the  setting  up  to  laboratory  !•  /In-hu*  • plasaa  neutralizers 
underaent  preliainary  testings:  neatralizer  was  establish/installed 
perpendicularly  to  the  boundary  of  the  beat  cf  the  accelerated  ions 
a ft  a distance  of  1-2  ca  frnoa  it,  the  ccipensated  ion  beaa  was  headed 
fpr  the  "floating”  collectcr/receptacle  whose  potential  was  close  to 
the  potential  of  ion  beaa,  in  this  case,  was  provided  stable 
electronic  current  /,. 
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lie  dependence  of  a change  in  current  /,//,, »..«  •«  tine  is  shown  on  Fig. 
54  there  is  shown  change  t|e  potential  cf  cc  Hector  ?*,  ghich  took 
the  stationary  value  equal  to  <^5  -10  f during  tho  achileveaent  of 
the  saturation  of  electronic  current  frea  neutralizer.  Testings 
shoved  the  reliable  work  cf  neutralizer  dicing  cultiplying  and  the 
stability  cf  its  paraneters. 

leasureaents  cf  pressure  in  the  region  of  the  aotor  installation 
iqto  the  flight  of  autoaatic  laboratory  "Ateyw  vith  the  aid  of  the 
icnizttioq  gauges.  The  aeascreaent  of  external  pressure  inf  the  zone 
of  installation  of  the  sober  gf  autoaatic  ionospheric  laboratory 
"anhei"  ss  realize/acccaplished  with  the  aid  ct  tvo  ionization 
gaages  (I  and  2,  see  Fic.  2),  vhich  vere  estahlish/installed  in  the 
end-type  part  of  the  laboratory  near  plasfaa-icnic  engine.  Measurement 
began  after  the  function  cf  the  autcaatic  divide/narking  off  device 
and  opening  in  flight  o i tbe  bulb/llasks  pf  aancaeters  (Fig.  6). 

to  Fig.  7,  is  civgn  the  circuit  diagras  cf  ionizationj  gauge  1 


iotc  teleaetric  systea  2 
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the  used  ionisation  gauges  together  with  eiplifier  eguipaent 
take  |t  possible  tto  conduct  the  aeasoreieati  of  pressure  in  the  range 
fpoa  I0-*  to  10-*  Hg.  2?  connection  with  the  fact  that  on  the 
operation  of  plasaa-ionic  engine  the  decrease  ef  pressure  froe 
10~s-10~*  at  Hg  a$d  is  not  exerted  a substantial  influence  below,  the 
Ip  ter  value  of  the  range  of  pressure  teassreaent  was  of  United  by 
the  value  10~*  an  Hg. 

to  Pig.  8,  the  reduced  pressure  in  the  region  of  plasaa-ionic 
eagind  in  the  stage  of  the  descent  of  auboaatic  ionospheric 
laboratory  "A»ur  " . There  for  a cciparisoo  are  given  the  values  of 
presseres  at  these)  height/altitudes  cn  meteorological  aeaaureaents. 
S.oee  fluctuations  of  pressure  in  the  region  of  installation  of 
plasad-iogic  aotor  cn  autciatic  laboratory  ”A»tar  ",  apparently,  are 
connected  with  the  precession  cf  vehicle  if  flight. 

lesults  of  the  flight  of  autciatic  ionospheric  laboratory 
"/friur*”  with  plasaa-ionic  engine  ct  nitrogen. 

Jn  accordance  with  the  flight  pregraa,  given  by  the  control  unit 
cf  5 Jsee  Fig.  2),  plasia-icnic  engine  was  preliminarily  included  at 
the  hdight/altitude  approximately  160  ki  without  the  feed  of  the  high 
(accelerating)  stress  u for  preliminary  wari-up  and  degassing.  The 
complete  firing  of  plasia-icnic  engine  r , |itrc«:en  with  accelerating 
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vclta^e  u»2  100-2200  T was  produced  according  *c  prograa  at»  the 
haighValtitude  of  250  ka.  Has  fixed  tfcf  stall*  operation  of  engine 
prior  to  the  ataoapheric  egtrj  to  tlje  height/altitudes  approxiaately 
110  ka.  Haxiana  altitude  in  this  flight  wa*  325  ka. 
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flasaa-ionic  engine  ca  nitrogen  i>q  flight  worked  with 
accelerating  voltage  of  the  ionic  jet  'tt«&10Q-22CO  T how  was  provided 
the  rate  of  exhaust  ionic  jet  v*120  k»/s.  Table  gives  soae  results  of 
the  in-flight  studies  of  laboratories  kith  the  plasaa-ionic 

engines,  which  worked  cn  argog  and  cn  >ritrcccp« 

The  average  value?  of  the  guartaties  cf  intensity /strength  Bt  of 
electric  field  and  potentials  #0l  cf  vehicles  in  the  work  of 
thera^cnic-eaittiqg  neutralizers  in  crder  gf  values  are  close.  Work 
with  plasna  neutralizer  leads  to  a considereile  reduction  in  strength 
Ej>  cf  field  to  level  2-3  1/ca  and  the  achieveaept  of  the  low  value  of 
the  potential  W02  of  housiqc,  which  does  net  exceed  10  V.  The 
leasuced  current  distribution  in  engine  sysie a shows  that  the 
relaticnship/ratio  between  the  ion  current*  eexpensated  for  by 
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elections  frca  neutralizers,  and  by  total  icn  c arrant  is  97o/o;  3o/o 
comprise  leakage  currents  tc  accelerating  electrode  and  the  housing 
of  laboratory. 

Consequently,  under  conditions  of  flight  in  the  ionosphere  of 
laboratory  ManberM  with  plasaa- ionic  engine  eg  nitrogen  was 
realize/accoaplished  the  effective  neutralization  of  ionic  exhaust 
jet  bgth  in  the  sepse  ci  the  ccwpersaticq  icy  ccrrent  by  electronic 
carrent  from  neutralizers  and  the  compensations  the  positive  space 
chargd  of  ions  by  electrons.  With  the  achiefed/reached  in  flight 
value  of  the  potential  of  flight  vehicle  relative  to  the  boundary 
ionospheric  plasaa  (in  tue  work  of  plasaa  Jieutrzlizer)  within  liaits 
to  10  V on  the  process  of  neutralization  is  expend/consuaed  less  than 
0,.50/g  energy  of  exhaust  jet. 
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Key:  * 1) . fan  Hg].  (2).  Hagcueter.  (3).  Standard  atmosphere  for 
aeteonclogical  aeasureaents.  (4).  % [kaj.  (5).  parameters.  (6). 
Engine  on  argon.  (7).  Bngiije  on  nitrogens  (8).  [V].  (9).  [ka/s]. 
(10).  thermionic-emitting  neutraJi2er.  (1J).  [V/ca).  (12).  Plasaa 
reutrdlizer. 

Eage  71. 


testings  of  autoaatic  ionospheric  labcratcries  conducted  " /)nUr  * 
showed  efficiency  of  gas  EBP  in  the  icccsptere  during  considerable 
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changes  in  the  external  pressure  at  heightyaltitudes  100-400  ka.  Is 
reached  the  effective  neutralization  of  nitrogen  ionic  exhaust  jet  at 
the  jet  exhaust  velocity  te  120  ka/s. 
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SG1UTJON  OF  THE  P80BLSH  Of  THE  CSCIUATIOIS  OF  lIQtJID  IH  THE  CAVITIES 
CF  tOtmOH  BT  THE  HETHCD  OF  STRAIGHT  *XlMrS. 

I.  f.  Kolin,  ¥.  Mm  Sukhcv. 

Is  given  the  sclutiog  cf  the  problea  c£  the  oscillations  of 
liguid  in  the  cavities  cf  rctaticn  by  the  vethed  of  straight  lines. 

Is  given  estivation  of  the  accuracy/preoisicn  cf  aethod  and  its 
convergence.  Is  given  the  ccnpariscn  of  th*  revolts  of  calculatioo 
according  to  the  nethod  of  straight  lines  with  the  results  of 
calculation  by  variaticcal  setfaod. 

The  study  of  the  oscillations  of  liguid  in  cavities  is  necessary 
fpr  the  analysis  of  the  stability  cf  the  disturbed  notion  of  the 
flight  vehicles,  which  have  on  board  the  large  tasses  of  liguid 
propellant  {}1],  [2].  For  the  scluticn  cf  this  prcblen  in  the  case  of 
the  arbitrary  cavities,  partially  filled  by  ligvid,  widely'  are 
ujkililed  variational  netheds  [3]  - [5]i  Hate  sf  convergence  and. 
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therefore,  the  accuracy/precision  cf  the  ficluticn  of  problem  ace 
determined  by  the  rational  selection  of  the  system  of  coordinate 
functions,  in  a secies  alone  which  is  expanded  the  solution.  For  each 
fprm  <jf  cavity,  this  task  acst  be  solved  Especially. 

*? As  a rule,  the  best  results  it  is  possible  to  expect  froa  the 
systea  of  haraonic  functions,  satisfying  besides  because  of 
completeness  to  a aaxiaua  quantity  ef  boundary  conditions.  Therefore 
tha  requirement  of  universality  and  laxiaai  standardization  of  the 
algorithm  cf  count  they  arc  located  in  knear  contradiction  with  the 
reguiceaeqt  of  the  aaxiaua  account  of  the  icdividual  properties  of 
cavity"  ». 

FECTNQTE  1 . G.  N.  Hikislev,  B,  I.  BabipcvicL.  Dynamics  of  solids  with 
the  cavities,  partially  filled  by  liquid*  t.,  "Idachine-building", 
1968,  page  182.  BtDfCCTNOlE. 

Id  the  present  work  far  the  scluticq  of  the  problem  of  the 
oscillations  of  liquid,  it  is  utilized  by  one  cf  the  varieties  of 
fiait4-dif ference  method  - rethed  cf  straight  lines.  The  advantage  of 
this  aethod  in  comparison  with  variation  is  the  direct  satisfaction 
cf  boandary  conditions  cn  free  and  hydrophilic  surfaces.  Therefore 
the  preposed  method  is  universal,  suitable  for  the  arbitrary  smooth 

cavities  of  rotation  and  cavities  cf  rotation,  divided  by  continuous 

partition/baffles . 
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The  nuaerical  realization  cf  tie  algoriths  of  finite-difference 
■ethod  by  £Ts?fl  [digital  computer]  also  considerably  is  simplified, 
since  tbe  egnatioq  cf  fregmencies  is  record/iritten  in  an  explicit 
foci.  Tbe  comparison  of  tbe  resalts  cf;  calculation  by  the  method  of 
straight  lines  with  the  resclts  of  cabculatic?  ty  other  aethods  shows 
the  h|gh  accuracy/precisicp  cf  the  proposed  net  hod. 

Page  13. 

§ 1.  Determination  of  potentials  of  velcaities  and  frequencies  of 
oscillations  of  liquid. 

The  task  of  the  natural  oscillations  ef  liquid  in  the  cavity  of 
rotation  is  formulated  as  fcllcws  [3]; 


d2y 

dr 2 


dr 


d2  <p 

"d* ! 


i 


d2'f  __ 


dx2 


df 

dx 


u)2  <p  ---  0 


dj 

dn 


^cc 

o 

1! 

I 

(1.1) 

(12) 

iia  L; 

<s> 

ii  a S, 

(ID 

Kby:  fl).  in  (2) 


where  'p  — 'pfr,  ij.  x)  - velocity  potential  cf  liquid; 
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r,  ri,  the  cylindrical  coordinates  (see  figure)  ; 

T - voluae,  occupied  with  liquid; 

1 - undisturbed  f$ee  surface  cf  liquid; 

5 - hydrophilic  surface  of  cavity; 

w - the  natural  frequency  of  oscillation  of  liquid; 

7-  strength  of  the  field  of  aass  fcrces; 

n - unit  vefetor  cf  standard  to  -tie  hydrophilic  surface  of 
cavity. 

Bor  the  cavities  of  rotaticn  potential  y can  be  searched  for 
in  the  fora 

y{r,  >],  x)  =»  cosmT)«I>(r,  x),  (1.4) 

trhere  a tales  values  n=G,  1,  2,  equal  tc  the  nuaber  of  waves  in 

circuaf erence  during  the  cscillatic ijs  cf  liquid. 
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the  equation  of  Laplace  (1.1)  for  function  0(r,  x)  takes  the  fora 


Pig.  1. 


faige  T4« 

(renditions  on  L and  s ace  cc^werted  as  fellows: 
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d<p  gp 

Wc°sa-1~sina^° 

Key:  II).  wheq.  (2).  on. 

where  j - forwing  cavities* 

* - angle  between  directions  r and  in 

for  approxiaate  solution  of  tank  (1.-5),  (1.6),  (1.7)  let  as  use 
the  >4thcd  of  straight  lines,  let  ns  examine  section  r by  the 
vertical  plane*  passing  through  axle/axis  Cx.  ‘B*Gh  - radius  of  the 
xaxiaea  cross  section  of  cavity  with  liquid,  let  us  divide  8 into  n*l 
of  .egeal  cutting  by  length  dr=B/n*1.  Through  feints  r*  = AAr,  0 let  us 
Coqduct  the  vertical  direct/straight*  parallel  axle/axes  Ox.  These 
straight  lines  intersect  generatrix  y >at  feints  (/*,  ~ x„).  The  value  of 
velocity  potential  along  the  k straight  lire  let  us  designate 
®k  — $*(/*,  x),  and  the  angle  between  the  direction  r and  the  standard  at 
{joint  (^*.  ~xk)  through  <**■  In  the  equation  cf  Laplace  (1.5) 
derivatives  for  r of  the  first  and  second  ciders  let  us  replace  with 
the  difference  relationship/ratics 


V A 

npn  * = Q;  (1.6) 

(* 

7.  (1.7) 
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»*_.)(2Ar)-‘;  (1.8) 

d*4> 

for  = (‘1**+/  ~ 2 <&*  fo  (Ar)-\  (1 .9) 


2hen  (1.5)  it  is  converted  as  fellows: 


where 


*»-,  -|»>!  + 2r»(4r)->|<f(  + 


4* 


*2  (A'P + -*£.- 


4>*+!  I-  I'l  = 0, 


$ 

* dx * • 


(1.10) 

(1.11) 


Conditions  on  free  and  hydrophilic  set  laces  are  replaced  by 
cpndifions  in  the  discrete  ember  of  pc  lot  a 

»PHX  = 0,  (1.12) 

(){!j  ^ 

(<l,*-i-.  )(2Ar)-‘  - tg a*  - 0 ua  t-  (113) 

Key:  (1).  Kith.  (2).  on. 

Henceforth  we  will  be  restricted  to  the  exeaination  of  cavities 
whose  floating  surface  coincides  with  the  vaxivua  transverse  size  of 
cavity.  Generalization  to  the  case  «f  arbitrary  cavity  does  not 
represent,  work,  but  it  is  ccn jugate/coabined  with  cuabersoae 
calculations.  Total  nuaber  of  unknowns  ‘l'».  connected  n by  equations 
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cf  tyjce  (1.  10) , ace  equal  a *2. 
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Ij:ces*  variables  can  Joe  excluded*  cn  tic  basis  c£  following 
considerations.  Foe  the  antisyiaetric  cscillaticns  of  liquid  in 
singly  connected  cavity*  which  represent  the  greatest  practical 


iaterdst. 


%(0, 


(I.  !4> 


It  point  A of  the  contact  of  floatiag  surface  with  the  vail  of 
cavity,  aust  siaui taneously  be  aade  conditio**  41.6)  and  (1.7)  which 
is  eqvivaleut  to  the  cetditien 


1 * fg«/.+i  fith 


r « R,  x - 0. 


(1.15) 


ff  ig  cavity  there  is  a cylindrical  insert. 


■0  vith 


r — R. 


(1  Hi) 


f x the  replaceaent  of  derivative  in  relationsbip/rat io 
(U15),  it  is  possible  to  utilize  the  folifving  fiuite-diff erence 


re  la tiensh ip/ratios; 
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<?4>  q>M4i  - <f>„ 
dr  ' hr 


fO(Ar), 


(1.17) 


d<b  n+l  3'"  T*"-1 

"Sr 2A? + 0(Ar*). 

fpx  calculations  with  the  increased  degree  cf  accuracy,  especially 
daring  satisfaction  of  condition  (1.16),  it  is  expedient  to  utilize 
relaticnsfafip/ratio  (1.16),  laking  igto  acdcunt  41.15)  and  (1.17)  0 we 
hate 


®«+i  =*,[1  (1.19) 


inalogcus  relationship/ratios  can  be  utilised  in  the  case  of 
dpublf  connected  cavities.  Eliainating  4>0  and  d>„+i , the  systei  of 
differential  equations  (1.10)  can  be  written  in  the  following  rairix 
fere: 


whece 


/W>  4-54)  .-=0, 


< P = 


«T>, 


, B=r-  VV, 


(1.20) 

(1.21) 


V -r  diagonal  natrix/die  whose  cell^eleients  are  equal  to  r„\ 


1 - three-diagonal  aatrix/die: 
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7 1 ^2  ^2 

7s  C3  ^3 


7n-l  Ch 


(1. 22) 


■ere 


m} 

|-._-f,2ri(Ar)-»  I , 1=1,  2 (// - 1); 

//i2 

C"  “ ~ 77  + 2 r»  (4r)~*  + (rn  (Ar)~a  + (2  Ar)“'  jX 
X (I  -»V-' dr tg«„+, 


lor  the  doubly  connected  cavities 


*'  ” “ [t  h f|  ,4rri  J + [r' W - 7,  | II  +-V-  4r ««„, 

Iguation  (1.20)  is  convenient  to  ccqvext  t«  the  fora 


vbfre 


A0  4>°  + 4)0  .-=  0, 

4’“  4>,  A°~  { yoy\  £ ( j/0)-!  . 


(1.23) 


V«  - diagonal  aatrix/dic  whose  cel  1/el events  are  egual  to  / rk . 
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farticular  salutiof  (1.23)  let  us  search  Jcr  in  the  fiora 

0° = Ceu  K*,  ' (i.24) 

where  C - arbitrary  constant. 


h - unknown  value. 


S°  - unknown  vector. 


Substituting  (1.24)  in  (1.23),  we  will  obtain: 

M*  + X*£)C/C#«0, 

where  B - unit  oatrix. 


She  significant  solution  c £ unitora  systew  (1.25)  corresponds  to 
those  'Ki,  which  are  the  roots  cf  the  characteristic  equation 

|A#  + k*£|~0.  (1.26) 


then  general  solution  ter  $<>  can  be 


0®=s  "y  |t'(  exp  (>.(A')-f't-i  exp  (—->-(  a')1A^(  , 


It  \ 


*f  all  the  xj>0, 
presented  in  the  form 


(1.27) 
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pact 


uhete  K^^V^Ki. 


tt  there  is  ).2<o  (for  s»1,  2,  • —>*  l\,  then  the  general 
solution  representwblly  as  follows: 

/ 

"*  2)  I cs  slnX^jc  -f-  c„s  cos  K x\  M + 

s-i  1 ’ *»  ' . 

n 

+ |jfoexp  (>  , x)  + c.,  exp  (-  i,*)|  A'J, , (|.28, 

«*“•  (,.29) 
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lelafcionship/ratio  (1-25)  is  the  discrete  analog  of  the  equation 
cf  EeSsel;  therefore 


! 4 


R irt->  oo 


■O-tO 

0--T) 


J (\  ^ i 

y",V/<  R J l 


(1.30) 


where  4^17^  - a Bessel  function  pf  first  kind  the  ■ order,  and 
h - roots  of  the  equation 

Jm#i)  ‘ J 


(1.31) 
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the  relations);  ip/ra  tie  between  coefficients  c,  and  c_<  can  be 
obtaiaed  fro a the  satisfaction  of  dynaaic  boundary  free-surface 
conditions  (1,11): 


<?_/  o)“ 

'~Ai~ 


*1  = 


2®  (iia 


0.32) 


vhera  Zi^=c,  — c_,  and  z?  — Bcandary  conditions  on  hydrophilic 

surface  (1-12),  written  iq  aatrix  fora;  thc.y  take  the  following  fora: 


/VZ«  — m a-i 


0. 


(1.33) 


Here  A - diagonal  aatrix/dic  with  the  cell/eleaents,  equal  to 
>„  aad  aatrix  eleaents  H and  N arc  respectively  equal  to: 


(A*4  it"-  Kk- 1 j)  (2  Ar)  1 sin  Xii  -i-  Kfrs  IS  cos  ^t  * 

fk  = 1.  2,...,  « \ 

\s  = 1 , 2 .....  / /’ 

(/<*+ 1: r -Kn-u) (2  Ar)-'  sh A-* -|- X* #C*, tpr «*  cli X,  Jf*  (1.34) 

«,  \ . 

U«  It  2 n r 

Kky\s~  Kk- 1 ,)  (2  Ar)-»  cos  >.s  jc*  - \ kks  \g  *„  Sill  ls  ,v* 

2 l\ 

\t»l,  2....,  «/ 

(K»+i  i ~K*-n)(2Ar)->  ch).,x*-f- l,^*,tg**cl>b|Jc*(1.35) 

^ t = (/  1 . . .,  «; 


«*i 


,A-  ~ 1,  2, . .,  n 
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ires  the  condition  fer  existence  of  the  significant  solution  of 
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system  (1.33)  we  obtain  t^e  equaticq  cf  tie  frequencies: 

| N — Af  A-1  j s=  0.  (1.36) 


fhe  given  above  algorithm  cf  solution  directly  can  be  utilized 
cply  for  the  cavities  which  have  a*+i  «=  0.  otherwise  the  matrix 

U>2 

eieaents  A (1^22)  are  the  functions  cf  thb  unknown  parameter  and 
fee  obtaining  the  solution  is  utilized  the  ifttcd  of  successive 

approximations.  For  deter lining  the  aatrix  eieaents  A,  ve  are 

tuo 

assigned  by  value  Solving  equation  ve  determine  X<°>  and 

Ctilizing  these  values,  it  is  possible  to  comprise  the  equation 
cf  frequencies  (1.36)  , solving  which,  ve  find  the  first  approxiaation 


"(i) 

T 


. Again  we  deteraine  aatrix  eieaents  A a*c,  repeating  the  process 


cf  calculations  consecutively,  we  citain  values  xj‘>,  aqd 


o»r. 


(2) 


J ' 


01* 

If  sequence  -y~  (with  k=0,  1,  2)  is  convergent, then  the  liait, 
to  vhfch  converges  this  sequence,  there  is  solution  of  problem, 
maerical  examples  of  the  calculation  of  tfct  cavities  of  various 
forms  show  that  the  given  above  method  of  successive  approximations 
possesses  rapid  convergence  and  requires  fer  its  realization  of 
virtually  of  2-3  approach/apprcximations. 


§ 2.  Comparison  of  method  direct/straight  and  cf  variational  method. 


Variational  methods  at  present  widely  ere  vtilized  for  the 
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s, elution  q£  the  prqblea  of  the  oscillations  of  liquid  in  cavities  [3] 
- £5  ]y  Therefore  is  of  interest  the  cc ■ (arisen  >cf  the  solutions, 
obtained  by  the  aethod  cf  straight  lines  aqd  by  variational  aethod. 
Eeford  parsing  is  direct  to  coaparisct,  we  kill  obtain  the  solution 
cf  prgblea  by  the  aethod  qhich  subsequently  let  us  call  the  aodified 
aethod  of  straight  lines.  For  certainty  let  os  exaaine  the  cavity 
which  has  <*„+,  =0.  Let  us  search  for  soluticr  in  the  fora: 


<t>  ( r , x)  - 


ct  exp 


+ c_,exp 


where  l,  there  are  roots  cf  equation  (g. 


Constants  ct  and  c~i  we  find  fres  the  satisfaction  of 
conditions  (1.6),  (1.7)  - dynaaic  iree-sur face  conditions  and  the 
ccfdition  of  qonpassage  oq  the  hydrophilic  surface  in  the  discrete 
neater  of  points  with  tie  coordinates  (rkx  ~ xk),  which  are  utilized  in 
the  aethod  of  straight  lines.  Taking  ii)to  account  (1.30)  , it  is 
possible  to  confira  that  the  solutions,  obteincc  by  the  aethod  of 
straight  lines  and  by  the  aodified  method  cf  straight  lines,  are 
dese  to  each  other  with  sufficiently  large  N. 
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In  variational  aethod  the  task  of  the  oscillations  of  fluid 
(1*1)*/  (1.2),  (1.3)  is  equivalent  tc  the  task  cf  the  ainiaua  of  the 


BCC  * 78104205 


fICE 


functional: 


V 


(2.2) 


Expressions  fot  a velocity  potential  <p  Jet  as  search  for  iq 
th#  fgra 


« = <!>(/-,  x)cos  mr), 


(2.3) 


tihere  4> (r,  x)  is  assigned  in  the  fori  <2i1)„ 

Stilizing  expressicn  |2.3)  , if  is  possible  to  show  thrat  the  task 
of  the  oscillations  of  liguid  is  eguivalent  to  the  task  of  the 
tiqiasa  of  the  functional: 


dx 


T»(r,  0) 


r-0 


dr,  (2.4) 


r o 

vfaere  y - generatrix  cavities,  and  d y - a differential  of  the  arc  of 
generatrix. 


Thus,  in  variaticnal  aethod  and  the  aedified  aethod  of  straight 
lines  sclution  searches  fer  in  ere  and  the  saae  fora.  Boundary 
conditions  in  the  aethod  of  straight  lines  are  satisfied  in  the 
discrete  nuaber  of  points  cu  the  free  ard  hydrophilic  surface.  In 
variational  aethod  boundary  coaditions  are  .satisfied  on  the  average 
«4tb  aeight  <!>/-  on  the  save  surfaces.  At  the  high  values  of  N both 
solutions  they  aust  lead  to  one  and  the  save  results,  if  ee  the 
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solution  for  <D  in  variaticnal  aetfaod  search  fcr  in  the  fora (2.1). 

§ 3.  Results  of  calculating. 

Bet  estiaating  the  accuracy/precisioa  of  the  aethod  of  straight 
lines*  aere  carried  out  the  calculations  of  the  cavities  of  the 
vaxioas  foras  uhose  natcral  frequencies  arc  sufficiently  agreed  to  by 
variation  and  experiaental  xethods.  As  such  cavities  were  selected 
spherical,  toroidal  and  conical  (with  the  half-angle  of  31°). 

Sable  1 gives  the  results  of  calcalajbing  the  t eigenvalue  XtB  of 
aatxip/die  A®  (1-25)  when  a„+i=0,  fhen  for  the  cxception/eliaination 
c<  variable  G>„+t  is  utilized  relaticfshif/retio  (1.17).  with  n—ooX,/? 
seat  Approach  (,  = 1,841,  i.e.,  for  the  root  pf  eguation  •/,'((,) — o. 

lore  accurate  results  cap  he  detained,  if  we  for  an 
ejtception/eliaination  utilize  fcrvula  (1.16).  In  -his  case 
already  with  n=10  appropriate  value  /?=»(,  — 1 ,842. 
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Table  1. 


( ,l  Mcto,h  npHMHx 

**f  l = ' 

<I‘n+l=  -g-  '*n  ~ 

— _L  * 

3 

A (S|)-0 

It 

4 

6 

, 8 

10 

12 

14 

16 

18 

10 

2,045 

1,983 

1,050 

1.929  : 

1,915 

1,901 

1,896 

1,893 

1,842 

1.841 

*•!;  n).  Aethod  of  straight  lines. 

Eage  80. 

Sable  2 gives  the  comparison  of  tfcf  .results  of  calculation  by 
th«  adthod  of  straight  lines  and  by  variaticnal  aethod  of  freguency 
ia  spherical  cavity  with  a radios  Rc.  Setaeen  these  realizations  good 
agieeient  is  observed  . For  -^r  “ 1 the  cpipatison  is  conducted  with 
the  results  of  works  [6],  which  are  obtained  by  approxiaate  solution 
cf  integral  equation. 

the  results,  given  in  fable  3,  4,  5,  characterize  the 
cpqvergence  of  the  process  of  consecutive  apprcxiaations  for  a 

L 

spherical  cavity  t^hea  -D—  — 0,5,  for  the  tcrpical  cavity  {ratio  R2/B,  of 

Kc 

inside  and  external  radii  in  aaxiaua  cross  section  is  egual  to  0.364) 
when  =0,5  and  for  a conical  datity.  Value  according 

to  calculation  by  variaticnal  aethod  is  egual  tc  0.078935  for  a 
tproidal  cavity  even  1.30  fee  the  ccnical  icaiity  (half-angle  is  egual 
to  30«). 


EQC  =?  78104205 


P,CE  0 


’table  2. 


h 

~R7 

BapiiauH- 

Ollllblft 

MCT04, 

(!)• 

— r- 

Meroa  nocjieaoBaieat- 
Hbix  npiiOaHaieHHfi, 

} J±R 

j «c 

h 

*c 

© 

UapnauH- 

onuuft 

Mei04, 

0)2 

TRc 

Meroa  nocaefloBaTeai>j, 
Hbix  npH6aHxceiiHfl,  g/ 

V *- 

j *c 

w = io 

1 A/  ==  16 

yv~  io 

7V=  16 

0,1 

1,036 

1,0361 

1.036 

0.6 

1,262 

1,2687 

0,2 

1.072 

1 .0733 

1,073 

0,7 

1.324 

1,3356 

. . _ 

0,3 

1,113 

1,1149 

1,115 

0.8 

1,394 

1,3586 

_ 

0.4 

1,158 

1 , 1607 

1,161 

0,9 

1.470 

1,4460 

0,5 

1,208 

1,2114 

— 

1.0 

1,565  [6] 

1,5832 

- 

KfeJ  (!)•  Variational  method.  (2).  ffctbod  pf  successive 
affiofiaaticns. 


table  3.  Sphere, 

« -10,  -jjr  =0,5  « 


k 

| CD- 

! T* 

X,  R 

0 

) 

1,18015 

1 ,92899 

1 

1,21122 

1,51783 

2 

1,21145 

1 ,48899 

3 

1,21143 

1,49118 

4 

1,21143 

1,49119 

Table  Torus, 
n - io,  ^ = o,5  , 


fl 

*>>  ’ft 

M 

0 

0,08336 

1,42402 

1 

0,07809! 

1,33659 

2 

0,078443 

1,33699 

3 

0,078420 

1,33619 

4 

0,078420 

1,33619 
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table  5.  Cone  °-=3r,  « = p. 


k 

tr 

X,  R 

0 

0,94303 

1 ,9229 

1 

J ,23763 

1,3^807 

2 

1,30582 

1,10009 

3 

1,31987 

1,013803 

4 

1,32269 

0,994829 

5 

1,323266 

0,990973 

6 

1 ,323364 

0,99020 

7 

1,323386 

0.99005 

8 

1,323394 

0,99001 

Page  61. 


Ihe  given  results  shoe  that  the  sethed  cl  straight  lines 
provides  sufficient  accvracy/precisics  cf  tie  sclution  of  the  probles 
cf  the  oscillations  of  liquid  in  tic  cavities  cf  rotation. 


« ♦ * 
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BEARING  CAPACITY  THE  TRANSIENT  CHEEP  Of  CAISSCi  DOBING  FHE E TWISTING. 

I.  I.  Pospelov,  y.X-  >Sidcrcva. 

Nerk  [1]  examines  steady  creep  of  the  thin-walled  rods  of 
anltifly  connected  cross-section  doling  free  twisting. 


In  this  work  is  giveq  the  solution  of  the  problem  of  bearing 
capacity  and  the  transient  creep  of  the  ithit-valled  rods  of  multiply 
c.cgnected  cross-section  during  free  twisting  ty  the  nethod  of 
saccessive  approximations  [2],  [3].  Conplete  strain  is  represented  in 
the  fqra  of  the  suw  of  inatactanecte  defociatic r,  by  nonlinear  fora 
vcltafe-sensiti ve*  and  creep  strait,  nonlinear  voltage-sensitive  and 
time.  Ifce  behavior  of  material  during  creep  is  described  by  the 
theory  of  flow,  solution  for  the  k iteration  of  voltage/stresses  and 
relative  angle  of  twist  is  obtained  in  the  fora  pf  quadratures.  Is 
carried  cut  the  nuaerical  ccaputaticn  of  bearing  capacity. 


'1 


i 


1 


i 
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vclta$e/stresses  and  relative  angle  of  tw^st  of  caisson  on  BTsVH 
[digital  ^caputer]  ft- 20. 


let  as  exanine  the  behavicr  of  the  thin-walled  rod  of  aultiply 
connected  cross-section,  which  is  found  txader  ‘renditions  of  creep, 
under  the  action  of  the  alternating/variablc  in  tiae  torsional 
acaent,  applied  to  end/faces.  It  is  directed  axle/axis  oz  along  the 
axis  yf  rod,  axle/axis  Ox  and  Oy  it  is  arranged  by  arbitrary  fora  in 
cross-sectional  flow.  Assuaing  that  the  cress  section  of  rod  is  not 
deferaed  in  its  plane,  we  till  obtain  follcwigg  expressions  for  the 
coapcaents  of  the  displaccaent  vector: 

u = — ltzy,  v^Ozx,  w^0x(x,y), 


while  for  the  strain  terser  ccaponents: 


0 { \ 
£y*"  2 \dy  '*  XJ  ' 


..,±  (*JL  - v\ 

2 ( dx  y\' 


where  e - the  linear  angle  cf  twist;  x **  certain  function  froa  x. 


let  us  coaprise  expression  for  the  circulation  of  shearing 


strain  on  certain  closed  dwct/ccntcwr  f. 


|bich  lies  within  the  cross  section  cf  rod. 
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Utilising  (1)  and  an  expression  for  a bleating  strain  *../  in  the 
plane*  tangential  to  duct/ccntour  r at  certain  point 

, „e  *1.  + , -dx 
'*•-  dl  r " dl  ' 

where  the  direction  cosines  of  aoxaal  to  a curve,  we  will 

dl  dl 


obtain 


(ft^dt  ==  OF, 


(*’) 


where  I - the  area,  liaitsd  by  duct/contoar  r. 


Be  utilize  a usual  assuaption  about  neclect  that  coaprise  of 
shearing  stress  along  the  standard  of  duct/contcur  and  constancy 
according  to  the  thickness  cf  the  duct/contcur  that  coaprise  of 
shearing  stress  along  tangent  to  duct/ccn^cur.  ihen  the  stressed  and 
states  of  strain  of  thin-walled  rod  will  be  described  by  values  att 


and  Henceforth  let  us  use  to  designators 


•'ll 


■S,  s 


it 


le  assuae  that  the  coaplete  strain  y is  ccsposed  of 
instantaneous  that  coaprise  rMr,  by  nonlinear  voltage-sensitive,  and 
creep  strain  ip , nonlinear  voltage-sensitive  and  the  tiae: 


T«T«r  + 7'. 


(3) 
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the  relationship/ratic  between  the  rate  ef  creep  strain  ip . the 
stress  s and  the  ti^e  t is  accepted  as  following: 

1/3' 

r = ~f(V3s).  (4) 

Here  differentiation  is  conducted  on  tie  icdified  tine  x>  which 
is  the  function  of  the  physical  ti*e  t: 

Iquation  (4)  is  convenient  to  present,  isolating  linear  part  in 
the  f^ra 


where 


DV3s 


(5) 

ffi) 


for  the  increase  of  the  velocity  of  the  convergence  of  the 
segueace  $?  e;pproach/approxiaaticns,  one  should  select 


D 


,f{V5sntj 


Ccamunicacion/connecticn  of  instantaneous  oeforaation  with 
stress  let  us  accept  in  the  fora 


2u 


+ Vfb^r^+Vf(j£sJ, 


(7) 


where  p - shear  nodulus;  1,  g Senstants  of  aaterial. 


Face  44. 


isolating  linear  part,  equation  let  as  present  as 


r=i2 


«iie  re 


u „ h-l*  , j*£i  ( V 3s 

ji  ' a0 


i*.  (Yl±\m~l 

V 0°  ) ’ 


h = T 


1 


J 3 ( \/  3s 
]T  + o* 


0 


m-l  » 


(8) 

(9) 

(10) 


that  it  corresponds  to  secant  nodule/acdulas  cn  the  diagraa  of  the 
intensities  of  stress  apd  strain  for  K3$nliU.  -Conditional  value  sm,x 
can  be  selected  during  solution  by  net  bed  by  spaces  as  naxinun  value 
of  the  stresses,  calculated  on  the  pretceding/prcvious  space. 


Bros  equations  (3),  (5),  (8)  we  Mill  obtain  the  equations,  which 
describe  the  behavior  of  naterial  kith  transient  creep  and  the 
pcolineac  elasticity: 


where 


1 — L (s)  -f-  <f  ($), 


+ TDs 


(11) 

(12) 
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[Ms)  - linear  operator]; 

»<s)= 2^  (|3> 

it  differentiated  equation  (2)  for  * and  after  substituting  in  it  the 
velocity  of  shearing  strait),  deteriined  (.11)  j *«  will  obtain  8redt*s 
generalized  foraula: 

L<f)sdl  -l  <J><p  (s)  dl~(ir.  (14> 

r 'r  ' ’ 

let  us  examine  the  red  ufecse  cross  section  is  represented  in 

f|ig«  1;  SIWi  ~ln„,  Qnn',  Srt—l.nt  ln-\.ni  — 1. n < |t  lnn,  £ „„ , ^n.»  + U Ai.n-fl,  £it,n+|  — 

respectively  stress*  length  and  the  thickness  of  cell/eleaents 

BnAn  of  the  n cell; 


Iron  the  equations  of  equilibrium  of  forces  in  node/units 

B0'  Aa,  fl, An-U  B„  a11  stresses  are  expressed  as  sM.  sit,...,sni , as 

fcllons: 


8, 


6,2 


sui S siii  su — v sn.  su  srA 


o i 


6 j 2 * £ 1 2 


« _ °-.k  „ „ , <>**  - + I , „ 

***  ; — ? . . ***  s . A*+i.  *-n» 


CA,  A+ 1 °A,  *+ 1 


(15) 


vhere  k=1^  2,  n,  acreover  £«+i.n+i  = 0,  8U0  — 0. 
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• «p-r*  •»#**** 


'.'^J  WB  iff  J l1  ^Vr-V<! 
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the  equation  gf  the  aoient  balance  of  internal  and  external 
force*  will  take  the  fern 

n 

(16) 

i -T  t 


ifter  using  Bredt*s  generalized  fcraela  (14)  to  the  duct/contour 
of  each  cell  and  after  connecting  equation  (16) , we  will  obtain 
syr  te*  of  equations  with  t*1  by  unknown  fencticfs  s-m-,  *m,  &: 


0n  £ (sn)  4"  <*1  * L (su)  “ &4 i t"  f\\ 
a2i  L (sn)  4 ai'i  ^ (52j)  4 at3^  (*38)  *=*  04,  + /,; 
032  L {s-h)  + 03.  L (h3)  4 at4  L (s44)  = 6p3  -|-/3; 


L (s*_i, *-i)4  0«£  (y  + a*,*nt  (Sft+i, *+i)  = 04ft  -f/*: 

0<i.  «— 1 l-  (Sfl-1,  rt — l)  4 ®( m f>  (^nn)  = 4 f n< 

M 


S11  ®I1  4 1 4 $23  °2!  42  + ...  4 Snn^nn  4„ 


2'  ’ 


(17) 


where 


„ * /ft-1.  * 

0ft,  ft-1  ~ — ^ft-1,  ft-l  -> 

Oft-l,ft 


, * / Ikk  h-1  .*  , ^ftft  I ^*.*  + 1 'l  . 

s“Vf.7'r«*~*+’8.;+  &)■ 


0*.  *+i  — — S*+i. 


ft+i 


<*.  *+i 


ft,  ftt-i 


fk  “*  — ? (s**)^*  4 ? [Sk-\.*)  lk-\.k  - ? (s*,*)  ^*  — ?(«*.*+ 0 /a.a+i  ; 


(18) 


6 - the  relative  apgle  cf  twist,  ccaaon  fpr  all  cells 


whkj» new' WStST  i-' 
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Fig.  1. 

Page  86. 

lfter  excluding  fee*  equations  (17)  0 end  after  using 
rte verse/iq verse  to  the  linear  operator  JL  operator  L~*,  which  has  the 
fora 

L~'  2=e-^o„-v  (£-1  [Z(,ol)  ,|.  olM  f ze*,m t-v  di\t  (19) 

i* 

we  will  obtain 
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(flu  Fa  ~ Qu  F |)  sM  -{•  (rt]2  Ft  «,2  F j)  ss2  (i!a  F ( sia  — 
~ Z-"1  (/,  Fj  f2  Ft)\ 

flji  F$  S|  i -f"  (<^2  Fa  <Jj2  F j)  Sjj  4-  F a — «83  F i)  sat  — 

‘hi  Ftsit  «=>  Z,-1  (/2  Z7,  — /3  Z7 ,); 


«*,  t-l  Z7 A + lS*_l,Jt_l  4“(<J*y6  Z7, *+1  «*+|.  * Fk)  skk  + 

4"  ((Ik.  *+!  /”*+!  Uk  + 1,  *+1  F k)  S*+l,*  + i — </*  + !,  k-iiF k Ski  2,  J6  + 2 

~L-'(fkFk+l-fk+lFky, 


(20) 


n-2  Z*„  S„-2,  n-2  4”  («n-|,„_i  F„  --  Wn>  „_|  Sn_|,„_,  -}, 

+ («■-!. « F„  — ann  F„  . ,)  s„„  = L-'  Z7,,  — /„  Z7,,-,); 

Z7!  Su  "(-8jj  FjSai  -j-...  4-&„„  F „snn . 

System  (20)  determines  the  stressed  state  in  rod  at  the  any 
■oaent  of  tine.  Initial  conditions  are  detcxii>oed  froa  the  solution 
cf  elasto-plastic  problea.  The  procedure  pf  calculation  by  the  aethod 
of  successive  approximations  consists  pf  |cllo«ing.  In  the  1st 
approtch/approxination  we  set/assuie  ■»/  = « « 0,  then  +~0  and/*  = 0.  system 
(2Q)  fill  be  linear.  After  solving  it,  lap  us  find  the  first 

approximation  for  s\\\  s22 and  fees  any  agnation  of  systea  (17) 

the  first  approximation  for  6.  Thee  cn  foriulas  (13),  (18),  (19)  we 
determine  <f>  (s),  /*,  /.-i  (fkFk+\  — fk+t Fk)  a»d  tor  the  determination  of  the 
second  approach/approx iaat icn  we  solve  the  systea  of  linear  equations 
(20)  with  the  converted  right  sides,  etc.  Ibis  process  is  continued 
fcefort  the  achievement  of  tie  required  acdwracy/precision  of  results. 
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Bor  the  caisson  whose  ccoss  section  lias  two  axes  of  sywwetry  and 
consists  of  four  cellsfic*  egaaticpa  (20)  for  the  k iteration  we  will 
obtain: 

...  1 


where 


M , 

_<*>  4 

Sj2  -= 


(21) 


^ — ^1  S b\  ---  (/))  /\>  — rt2|  /’ll  frj  — fljj  — (<J22  |-  </2i1)  Fp 

V2J  1 2 


<!>-/,  f,  _ /,  /.->  <r»  - e-V,  n (t- 


•l  2jt,  j 

(’)=®M+ -j—jr  i*r.  j„(t„)h  + 

+ Jjr’f - Is?’  - s”  Wl  + f-  ^jr1  J 4 dt  - -j  j /f-' «.  (22) 


Iguations  (2%) -(22)  can  be  used  for  deterwining  the  bearing 
capacity  of  caisson  and  iq  the  absence  of  creep.  In  this  case,  one 
sbcald  assme  f(\'3s ) ==0. 


Ixanple  of  nuqerical  computation.  huaqrical  computation  was 


MBOBK35SSSIS 
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conducted  for  the  caisscn,  prepared  fees  the  Material  D161-T  whose 
cross  section  has  two  axes  cf  syasetry  and  consists  of  four  cells,  on 

fpraulas  (21)  and  (22).  Is  this  case,  it  sas  accepted  /„  = /„  = /„ 

=«  1,2  — 300  mm\  S)i  = 8,,  ~ 8(,  *=  fi22  = 3 mm;  F,  =>  F,  ■=  0,45- 10s  Aes2; 

/(II  *=*  / [ 2 ===  /03  aES=  150  A€  Af O^n  A|o  ^>,2  1 ~ - 1 ,5  MM, 


las  utilised  the  pgwar  law  of  icre#p  f~ /t()/3"i)»  [here 

(daH/aw*)  -"l/*iB,  n=3.1];  the  sedified  tiae  r*r(t)  was 
assigned  by  table. 


t 

0 

1 

2 

3 

4 

5 

10 

25 

50 

T 

0 

8 i 

M i 

17 

19.5 

22 

i 

30 

45 

70 

lor  describing  the  instantaneous  defpriaticn  of  naterial,  the 
real  diagraa  927  was  apprexiaated  by  the  dependence 


•r— 


v 3 


2p 


- B(V  3.9)" 


jl+yjj 

2 1‘  + 2 v 


V~  r\  (V  3 s 


(ji=2133  daN/an2,  «®=46  daH/na2,  a*9)  * 


The  calculation  of  the  stressed  and  state  cf  strain  of  caisson, 
which  is  feund  under  cocditicns  of  transient  creep,  was  conducted 
bptb  for  a constant  and  variable  in  tise  external  torsional  aoaent. 


Cage  88 
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During  calculation  entire  tiae  interval  in  question  was  divide/aarked 
gff  into  the  cuts,  in  each  cl  which  they  were  calculated 
su(t).  Sii(x),  e(x)  vitk  .the  initial  conditions,  calculated  in  the 
pr^ceding/previous  cut,  and  daring  the  first  stage  initial  conditions 
were  deterained  Iron  the  scluticn  c£  elaabc-plastic  problea.  For  an 
iaproveaeqt  in  the  convergence  of  apprcacfc/apprcxiaations  D and  pi, 
it  was  coapated  on  each  cut  on  the  foraulas 

D=A  (|/  3 •Sma*)'1 )‘|  --  j - — j ;j 

"jT  ^ 3« 

where  Va  — s,„  - the  aaxiaua  value  <f  the  stress  in  caissoa, 
calculated  on  the  preceding/previous  interval  ct  tiae. 

Froa  the  solution  of  elasto-plastic  prcblea  which  was  obtained 
according  to  equations  |21)f  (22)  agd  it  is  ref  resented  in*  Fig.  2, 
was  deterained  the  hearing  capacity  ct  caissog  Aflip„~=  MO7  daM*#*.  In 
this  case,  it  was  set/assuaed  1=0,  i-e.,  was  eliainated  creep, 

t ( s \n~x 

* — i _i__. i ana  a change  in  the  external  tcrsicnal  aoaeqt  was 
described  by  equation  a^Ha  + Fr,  where  H,0  was  selected  in  such  a way 
that  entire/all  cofstructicc  wculd  be  defected  in  elastic  range, 
since  s=s(7)  it  is  increasing  function,  fpr  the  bearing  capacity  of 
caissgn  conditionally  was  accepted  this  valce  cf  the  external 
tprsignal  aoaent  by  which  tie  intensity  of  strain,  deterained  in  the 

2-v 

V 3 ' 


this  problea  as 


in  the  «ost  stressed  filaaent  reaches  lo/o 
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Fig-  2. 

Key:  |1).  daN/aa*.  |2) . daN/mm. 

lage  89. 

Fig.  3 ai^d  4#  give  the  picture  of  the  redistribution  of  stresses 
between  the  separate  cell/aleaents  ci  caisscr  and  a change  in  the 
relative  angle  of  -twist  in  the  course  of  tiae  aith  the  constant  in 
tine  torsional  aoaent,  which  ccaprises  <>,7r>AflipM,  and  the  torgue/aoaent, 
which  is  changed  according  to  the  law  8^4«Hr(t),  where  M„ *0.4 24 #10* 
Daf*^,  M=0.  1*107  daN»nun/min. 


Jotted  curves  corresperd  to  the  calcwlaticf.  carried  out  without 
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the account  of  the  plastic  properties  >cf  material,  i.e.,  3=0  in 
formula  (7).  The  results  of  calculation  she vt bat  upon  consideration 
cf  the  plastic  properties  of  aaterial  in  construction  occurs  a acre 
intense  increase  in  the  relative  argle  of  ttist: 
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Pig.  5,  gives  the  pictcre  of  tfce  redistribution  of  stresses  and 
a change  in  the  relative  angle  of  tnist  in  the  course  of  toiae  with 


t-- 
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tie  cyclically  changing  external  tcrsicpal  icaent.  During  thb 
decrease  of  external  torsional  acaent,  was  accepted  linear 
ccaauaication/conqection  between  s and  y,  i.e.,  in  foraula  (7)  was 
accepted  B*0. 

the  obtained  results  cf  nuaerical  computation  testify  to  the 
high  velocity  of  the  convergence  of  successive  approximations.  So, 
the  disagreement  between  tie  stress  levels,  which  correspond  to  the 
second  and  third  approach/approxiaations,  they  are  observed  in  the 
third  sign. 
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IHEORI  OF  CRITICAL  BEHAUOB  OF  GAS  EJECTOB  HTfi  LABGE  PBESSOBE 
HIFPE8ENTIALS. 

VU  N.  Gusev. 

lithin  the  framework  of  the  dynamics  ai  perfect  gas,  is 
investigated  the  critical  eede  cf  cperat,ic*  of  gas  ejector  with  the 
cylindrical  mixing  chatter  kith  large  ^pressure  differentials.  For  the 
calculation  of  flow  in  the  jet,  overexpanded  relative  to  the  static 
pressmre  low-pressure  gas,  is  utilized  the  thecry  of  the  hypersonic 
compressed  layer.  The  calculations  conducted  confirm  the 
estahiished/installed  previously  eiperiaeatally  fact  (G.  L. 
Gredzgvskiy,  Bull,  of  the  AS  USSH  BZhG,  1 8 6 € , Kc  3)  which  with  large 
pressmre  differentials  attainable  ccapsessicn  ratios  in  ejectors 
exceed  aaxiaua  computed  values,  gives  theories  developed  for  the 
case  gf  the  moderate  pressure  differentials. 

Ihe  phenomenon  of  closing  in  supersonic  gas  ejector  was  studied 
for  the  first  time  by  H.  0.  Hillicshchikov  and  G.  I.  Byabinkov  [1]. 


let  us  exaaine  gas  ejector  with  tfce  cjlindrical  caaera/chaaber 

I to  ridings  worker  in  critical  behavicr  (Big.  1).  Section  t 

| 

corresponds  to  the  aixing  chaaber  inlet,  sectici  3 - to  ait  output 
£rci  it,  section  2 is  the  section  cf  the  closing  in  which  in  work  in 
critical  behaviors  the  rate  of  the  ejected  gas  iecoaes  egual  to  the 
speed  cf  sound.  It  is  assaaed  that  at  the  end  cf  the  airing  chaaber 
it  is  realize/accoaplisled  the  ccajlete  aixing  cf  gases.  Let  us 
introduce  following  designations.  p0*  ~ total  pressure  high-pressure 
gas;  Pot  - the  total  pressure  low-pressure  gays  po"  - total  pressure 
cf  the  aixture,  which  e«erges  frea  ejector;  **  = -g-  - critical 
coefficient  of  ejection,  egual  to  the  ratic  of  the  aass  flow  rate  Gt 
of  thd  ejected  gas  to  the  aass  flow  rate  G ' of  the  ejection  gas  under 
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tie  conditions  of  closing,  the  geo  metric  dimensions  of  ejector  are 
determined  by  radios  r*  of  the  jet  of  .high- fees  sure  gas  in  section  1 
aad  bf  radius  r"  the  mixing  chaaber.  Mach  nuahet  of  high-pressure  gas 
in  section  1 let  us  designate  through  M j 


Bet  us  pause  at  the  special  feature/peculiarities  of  the 
discharge  of  high-pressure  cas  jet  with  large  pressure  differentials. 
Since  the  static  pressure  high-pressure  gas  ip  section  1 is  greater 
static  pressure  low-pressure  gas  in  this  sane  section,  the  expansion 
cf  gat  occurs  out  of  nozzle  and  is  spread  in  flew  on  centered  on 
nozzle  discharge  edge  rarefaction  wave.  Considerable  zone  of  flow  in 
jet  proves  tc  be  overexpanded  relative  to  tie  static  pressure 
lop-pressure  gas.  Flow  in  this  region  will  approach  flow  froa  certain 
egsivllent.  source  whose  intensity  changes  during  transition  frow  one 
ray/beaa  tc  another  [7], 


(age  92. 


The  degree  of  increase  in  flow  in  jet  will  te  determined  by  the 
system  of  those  liait  of  cverexpansicn  zoae  of  flow  of  the.  shock 
waves*  The  gas,  passed  through  the  suspended  shcck  wave  Z {see  Fig. 
1>,  fgras  the  adjacent  the  jump  compressed  layer,  which  concentrates 
in  it  pelf  the  large  part  cf  high-piesscre  gas  £7].  Thus,  the  flow  of 
gas  in  the  high-pressure  jet  of  gas  ejector  will  be  not  only 
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heterogeneous,  but  also  it  will  consist,  generally  speaking,  of 
teo-gaalitatively  different  flows.  It  ,is  pbwious  that  this  flow 
caxjnot  be  described  within  the  frasewctk  pf  hydraulic  theories. 


It  sufficiently  high  values  pg=*J!±  for  the  duct/contour  of  the 

Pot 

compressed  layer  it  is  possible  to  writs  ft!]: 


(i) 


where 


e--|* -(¥-«'),  (*  = »fctg 


lere  r,  e - polar  coordinates  with  pole  at  point  0 (see  Fig.  1), 
/ (?)  = ~r  — a duct/contoux  cf  shock, 

*■"  angle  of  the  slope  of  jusp  >to  the  direction  of  the 

iooident  flow, 

jk  - the  angle,  foraed  fcy  the  direction  of  radius-vector  r and  by 
the  direction  of  tangent  to  the  duct/ccntpvc  cf  juap. 


V,  y^'.  J'';..‘  "■  ’'A 
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9 - a total  gas  flew  through  the  iceafxcssed  layer, 

t/m-  aaxisua  speed, 

H and  9 — a (4 kch  auaber  and  the  ancle  >of  the  slcpe  of  velocity  vector 
befor*  the  shock  layer  in  high-pressur#  gas, 

P - variable  pressure  cn  the  outer  edge  of  the  coapressed  layer, 

1 - specific  heat  ratio  in  high~prcs8Ute  gas. 


fig-  i. 

Fag©  13. 


lssuaing  the  flow  c £ low-pressure  gas  cge-diaensional,  for 
pcessare  on  the  outer  edge  cf  ccapsesscd  l«jer  11  (see  Fig.  1)  we 
have: 

J 

l'  I'm  ( 1 »-  ~2  — M*)  * '' 


B it  |s  deterained  froa  the  flew  equations 


M(l  + 1-^-M2) 


«+i 


»+i 

2(«-l> 


M,(i 
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Sere  fl,  - Mach  nuater  c f low-pressure  gas  in  cross  section  1, 

specific  beat  ratio  in  low-pressure  gas* 

Substituting  (2)  in  eguation  (1),  foe  the  duct/contour  of 
high-pressure  jetr  finally  we  will  oltai*: 


<*»/ 

d f- 


- f 


7 

7 


'rf»/ 


x 


(3) 


Ihe  entering  the  equation  valaes  3,  a' and  e' are  the  functions  of 
the  pglar  coordinates  and  parameter*  «'»,  0,  T.  iith  f »1  for  then, 
are  valid  the  asymptotic  dependences,  given  in  [7],  These  functions 
were  deterained  nuaerically  by  aetbod  of  characteristics  flroi  the 
ptograa,  coapnised  on  the  tasis  cf  the  prpccdure  for  of  calculation 

and  ffraulas,  presented  i*  £8J.  The  boundary  editions  of  task  take 
fora  C7}; 


9QC  * 78104206 


PA61 


Mi:  H)-  «itk. 


jpH  1=  -If  ' 


* 0-\3L 

(4) 


lu>Kerc 


A 


Mj,sln  2 0*,  + (M<,  sin*  2 8„  - 4 (M?,  cos»  8„  - 1 ) (M?,  sin*  9*,  - l ) ) 
2(Mj,  co»»8*i  — 1) 


8*i=3 -i|(”  -yl^arclg  j(^~-)2>/ M*, ! -a rctg |/  m2,  - I 

— {(■?“?») ’ "s  [(-J-rf)  ’ K m;2—  I |-«rt<el/  m;1-!  j; 


T^l  , MI-1? 


litk  the  assigned/ prescribed  ju*p/drpp  F*i0  the  geometry  of 
ejector  r~  the  integration  of  eguation  (3>  was  conducted  at  several 

value#  a**  thus  fan  in  section  2^*hen  <H  3 4 ,ach  nuaber  of 
lpv-p*essure  gas  did  not  reach  the  speed  of  scurd* 

Ifter  the  deterninaticc  of  H&  for  the  critical  coefficient  of 
ejection,  it  is  possible  to  vrite 

k,  ^ ilM  . (5) 

«n/,o?A) 


iddigg  to  equation  (5)  the  knafn  equations  of  the  ejection 


j*;v.  iSy, 


SOT ?w^r^!l^^a^Bff8P|PI*niBHB8PWPg^ga^  W4H*  
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pt 


Po  " 


V(*i)  + a/’n<f(xt) 


(i  i *)<nn 


V + 0 + *••>* 


» 

n„*  ?(*i)*(xi)+«po^^!)*(xi)  r,  j t ft  * (•> — 2 r 

(l  ’ ■ ,m+.r;5S“'  1 'W 1 


(6> 


ve  Hill  obtain  the  cosplete  system  of  equaticis,  which  determines  the 
pasasdters  of  the  ejectcr,  verting  in  critical  fcehavior. 


fagc  94. 


Is  laSt/latter  relationship/ratios  it  is  accepted:  X - derived  rate, 

tt-  relation  of  the  critical  speeds  -ef  ejection  and  ejected  gases, 

• ” * 

g(h),  of  £(X)  - gas-dyoasic  functions,  Po  = ~~ - compression  ratio  of 


ejectgr. 


KfH 


Po\ 


Fig.  2,  depicts  the  dependences  p0  pp  p0  at  different  values 

*«  and  (r"ir')i  > 20  with  y ss  x ~ 1,4,  m|  » i,  8 — i and  fi  * 0 (unbroken  curves}. 

It  saaller  values  (-p-)2  the  calculaticns  were  not  perforned, 
since  here  are  disrupted  applicability  conditions  of  the  theory  of 
the  hypersonic  con pressed  layer.  Per  a conjarisen  on  this  sane  figure 
at  the  sase  values  **  are  given  the  exper isegtal  data,  borrowed  fron 

werk  £6]  (dotted  curves},  and  calculated  - seconding  to  the  theory  of 

critical  behavior  [2]  (dot-dash  curves). 


iNjrt* 
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As  it  fellows  fro*  Fig.  2,  the  calculations  conducted  confira 
established/installed  previously  experiaeat ally  fact  [6]  that  with 
large  juap/drops  in  pressure  p„*  attainable  ccapression  ratios  in 
ejectgrs  exceed  aaxiaua  ccaputcd  values  according  to  theory  [2].  In 
this  case,  aaxiaua  compression  ratio  of  ejector  will  be  realized  with 
greater  than  according  to  tlegry  £2],  value*  p^ . 

let  us  pause  at  the  case  *,  = o,‘  detoeriining  aaxiaua  coapression 
ratio  of  ejector  with  the  a ssig Re d/p re scribed  juap/drop  in  the 
pressure  Pq.  In  this  case  the  Atiach  number  ef  low-pressure  gas  at  the 
tiring  chaaber  inlet  Ht  - 0,  and  critical  kebavicr  of  the  work  of 
ejectgr  iq  the  setting  accepted  will  be  determined  froa  th;e  natural 
condition  of  expansion  cf  jet  c f h jgh-presscre  gas  to  the  transverse 
size/d iaens ioq  of  the  chaaber  cf  airing  r*.  In  this  case  the  total 
pressare  low-pressure  gas  ^ will  be  eguhl  to  the  external  to 
pressure  is  space,  where  escapes  jet.  At  high  values  of  tire  pressure 


gradient 


/v 


Po 

Pm 


the  discharge  cf  such  jets  into  space  with 


me  * ’at 04206 


| 

I 


I 


eppstint  pressure  was  exaxiced  in  aerk  £>7j;  *»  specific  heat  ratio  in 
b igh- pressure  gas  y * M ^ s 1 apd  * 1 tkpse  data  (unbroken 
curve!  together  with  experinental  (triangles) , borrowed  fron  work 
£9],  represented  in  Fig.  3 in  the  fern  cf  dependence  on  e junp/drop 
in  the  pressure  p'0~.£°.  the  aexisua  reaova 1/distance  ~r  ef  suspended 
shock  wave  fro  a the  asle/axis  cf  jet  op  the  assusption  that  the 
thickeess  of  the  adjacept  the  Junp  ccaipressed  layer  is  negligible. 
Here  Corrected  values  ~r  for  the  series  pf  the  sonic  ejectors , 
working  in  critical  behavior  shea  *.  =o  (snail  circles  - experiaent 
[6],  dotted  curve  - theory  of  critical  b*ha?iQr  [2]). 
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Ccnpatiaoa  ahows  that  with  an  increase  ia  the  jaap/drop  iaj  the 
pteaaere  p'0  the  experimental  values  r"  eill  icm  away  frow 
theoretical  dwpaadaaca  [2]$  appxoachiag  -valves  by  that)  determined 
in  tha  aaxiaua  removal/ distance  of  suspended  sheet  wave  fro*  the 
axle/dxis  of  jet  with  its  flow  intc  space  with  constant  pressure. 

•hen  = o system  (6)  for  the  calculation  of  compression  ratio 
ct  ejdctor  ia  converted  to  the  fora 

0 Po  • 

Po  ” (T'4-  a)  q (X")  • 

J_  (') 

. (-'44 1 
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|n  the  case  qf  the  sonic  ejector  (8^  = 1)  when  y =*  1.4  results 
of  the  calculations  of  laxiaua  compression  xatic  of  ejector  depending 
ce  bo  when  k,  -a  o ere  given  tc  Fig.  2.  Free  the  coaparison  of 
fijdiags  fith  the  fiperiaeqtal  [6]  it  follows  .that  the  depeadaace 
bo  (bo ) when  *«=.o  ho*  « laxiaua  at  finite  value  p'a  and  p'0 -*02 
approdchiqg  a constant  value. 

let  us  determine  the  liaiting  values  ci  coapressioq  ratio  of 
ejfctfi;  when  = o in  the  case  of  infinite  juap/drops  in  the 
pressure  b'o-  toe  entering  the  eguatiens  ejectic;  (7)  of  value 
> -jr<  ddtersined  here  for  the  aaxiau*  reaoval/distance  of  suspended 
shock  wave  froa  the  axlc/axis  of  jft  during  its  discharge  in  space 
wjith  constant  pressure,  fsca  werk  [7]  .it  follows: 
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then  p0  » l 


IW/  I '•'  ) id,  f,  m,i/ 


and  tlie  equations  of  ejection  (7)  taking  into  account  (8)  ara 
cca vetted  to  the  f ora,  ahich  does  not  depend  cn  p0 : 


s a.  % At  ;>*<*") 


*(*;> 
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Page  46. 

In  the  case  % = 1..4  aqd  0 = 0 at  the  value*  of  aaaber  M^=l  and  3, 
foe  which  these  enterics  iq  (9)  valve*  {((.  P.  M|)  aere  detarained  in 
vcck  C7 ]»  the  liaiting  valves  of  ccapceaqlcii  ratio  of  ejector  when 
kH=0  were  given  in  the  table: 


M', 

5 

Pa 

1 

0,37 

3.76 

3 

0,033  j 

10,5 

Ccaparison  shows  tlat  when  Po  > i the  traisition  froa  the  sonic 
ejector  to  SHpersonic  leads  to  an  csseqtiel  increase  in  coapression 
ratio  o£  ejector. 


HOC  * 78104206 


PAGE 


{n  conclusion  the  author  thanks  to  2.  1.  Iliaov  for  aid  in 
conducting  of  the  necessary  calculations* 
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KJ1STIC  TH  BOS  I OF  B0UNDA8Y  IAYE8  BEliEEB  glASftl  AMD  A HAGHETIC  FIELD. 

N.  6.  Korshakov. 

On  the  Basis  of  kinetic  equations  aqd  the  ugeatioas  of  Baxwell, 
they  ace  derive/concluded  and  are  solved  by  BTatB  [ 3UBM  - digital 
ccaputcrj  of  the  eguaticn  cf  the  bcandary  layer  between  the  plasea 
and  the  aagnetic  field  during  the  flaxug.Uian  function  of  particle 
distribution  in  th,e  undisturbed  plassa;  is  obtained  the  distribution 
cf  the  basic  values,  which  characterize  transition  layer  in  its 
entird  width. 

lasic  results  in  bcundary-layer  theory  between  the  plasna  and 
the  Magnetic  field  were  obtained  by  the  authors,  imposing  following 
lfsitdtions  for  the  forsulation  of  the  pcoklea:  the  siapliified  fora 
cf  thd  function  of  particle  distribution  if  the  flow,  encountering 
for  ndgnetic  field  [1]  - [3],  the  absence  cf  electric  fields  and 
polarization  of  plasaa  [4]  - [5]  or  co?atr»ctioi  of  the  functions  of 
distribution  across  the  boundary  layer;  giving  possibility  to  obtain 
siaple  analytical  fcraula*  for  the  values*  characterizing  the 
structure  of  layer  [6]. 
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Ibe  first  atteapt  tc  rcaqve/take  scae  cf  these  liaitations  was 
coder  taken  by  Yu.  S.  Si  go  wj  who  solved  in  [5]J1  [7]  - [9]  the  problea 
of  reflection  by  the  aagnetic  wall  cf  the  plasia  ion  flow  and 
electrons,  striving  to  get  rid  of  the  infinite  values  of  density  and 
caxreat  at  the  turning  poiqt  of  particles*  that  appear  in  the  case  of 
uppoenergetic  flow*  it  replaced  the*  with  step  functions.  By  the 
fallowing  space  in  the  tceqd  of  development  cf  boundary- layer  theory 
between  the  plasaa  and  the  aagnetic  field  is  the  exaaination  of 
"natural"  Maxwellian  function  cf  particle  distribution  in  the 
undisturbed  plasaa  and  appearing  between  then  and  the  aagnetic  field 
of  interlayers  In  article  will  be  solved  the  task  of  the  structure  of 
two-diaensional  boundary  layer  during  the  Mane  Ilian  function  of 
particle  distribution  in  the  undisturbed  plesaa. 

tn  work  [4]  was  derived  integrcdif ferential  equation  for  a 
vektoc  potential  (case  only  of  aagnetic  bowlder y layer)  an}d  is 
obtained  the  distribution  of  aagnetic  field.  As  it  will  be  evident* 
this  case  is  in  a sense  aaxiaua  for  a ccaacn/ceneral/total  task. 

Therefore  in  article  is  first  obtained  a sixplcx  differential 

possible  ) 

equation  for  vector  potential*  which  .makes  it  A tcT'obtain  the 
distribution  of  the  reaaining  characteristic  values  of  layer. 
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Siapli.ficati.Qf  in  the  eguation  ia  coafscisca  with  that  given  in 
wpsk  £4]  is  achieved  because  of  use  as  the  initial  position  for  the 
dhrivltion  not  of  the  egcaticn  of  the  balance  -of  pressures  in 
bpwndAry  layer,  but  the  eguaticn  of  Maxwell,  cx  as  a result  of  the 
fact  that  the  ranges  of  integration  in  phrase  space  are  exanined  in 
the  alternating/variable  particle  speed,  and  apt  energy  and 
generalized  aonentua.  In  the  fornulatian  pf  the  problea  of  any 
simplifying  assuaptions  in  ccapariscn  with  these  accepted  in  work  [4} 
aade. 

Page  18. 


SIGNET 1C  BCUNDAfiY  LAYEB. 


the  adopted  systea  of  coordinates  is  given  to  Fig.  1.  The 
foraulation  of  the  problei  is  well  know?  fxci  [4].  The  rarefied 
plasah  (to  the  left  of  interlayer)  is  given  intc  contact  with 
aagpetic  field.  Due  to  the  absence  cf  the  collisions  through  soae 
tiae  interval  all  processes  in  interlayer  can  he  considered  as  being 
steady.  Task  is  ope-diaeasicoal,  i.a.,  all  valves  depend  only  on  one 
coordinate  x.  Plastta  when  if  described  ty  the  Maxwellian 

distribution  function  for  iens  and  electrons.  Ihere  are  no  seized 
particles  vithin  layer. 


J 


TOC  ^ 78104206 


act 


M5 


Is  exaaplos  it  is  possible  to  gi»e  tvc  cases  of  the  realization 
of  the  picture  indicated:  either  negative  and  positive  particles  have 
an  egaal  nass*  identical  lazaozov  radii;  therefore  there  is  no 
separation  of  charges  and  electric  field  dees  net  appear  or  electrons 
ppssets  such  values  of  the  paraseters  and  aze  distributed  so  that  the 
separation  of  charges  can  be  disregarded.  She  possibility  of  the 
realisation  of  this  case  will  be  examined  below. 


The  structure  of  layer  is  described  by  equation  with 
self~consisteQt  field  fer  functioning  particle  distribution  and  the 
equation  of  aaxwell: 


df  e . df 

" dx  * 

0 v 


. , 4k  . 

f j. 


Sere  u - composing  particle  speed  along  axle/axis 


tensity  and  current  are  expressed  by  the  appropriate 


toegud/aonents  fros  the  distribution  function: 


= vf(  r,  v ) dv,  n = j /(.».  v) 
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f 


1 


1 4 A'  (-)-  <A>)  — A/#. 


the  distribution  function  of  ions  vlfM  x 


/(*.  v)^n„  ~ t>xP 


(subsequently  by  the  index  "0"  are  noted  the  values  of  variables 


Nhfn  x ■ -<> ) 


That  coaposing  particle  speed  aloqg  the  axis  z can  be  without 
the  l|aitatioq  of  generality  placed  egnal  tc  zero.  Equation  (1)  has 
three  integrals  aqd  solution  (1)  will  be  reedea  function  froa  these 
integrals. 


let  us  introduce  the  diaensiocless  variables 


| / Af  - . / M eA  , .! 


•V-  ; . y. 


t'/io  r 27’ 
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and  14 t as  replace  of  variables  in  expressions  (3)  for  density  and 

(u,  v)  »(«ul’o)  ] 

carraatA  fljwn  the  arbitrary  fane  tips  of  distribution  f(a,  ▼) 

passes  into  known  /<««.  «o).  that  depeqd  >on  <ronsta*ts  of  notion  of 
partidle*  Integration  liaits  fa  expression  (3>  »*  >,  0 «o>o  will  pass 

is  hJ  ,»«2  — 2v„a, 
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Ea$e  19. 

The  region  of  integration  is  shown  in  Fig.  1. 

Epint  x of  boundary  layer,  teach  tie  particles  uith  phase 

cpptdinates.  which  are  located  cut  «f  >the  liaite  of  the  shaded  range, 
liaited  by  parabola.  Calculating  t$rgut/ep septs  froa  (3)  and 

i.tcoducinq  *)0,w  t JOJ.  .«  ,U1  obtain  oqnation 

for  a tektor  potential  <fig.  2); 


where 


d,(jc)~  function  of  parabolic  ^cylinder. 


fiespectively 


0 


i 
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Equation  (4)  has  the  integral: 

_ j_ 

a'*+n+TT^z_  ’.(tt)'*1, 

Function  1 i (■*)  doe*  not  have  zeros  eith  real  x;  therefore 

~ T 

vektoz  potential  increases  topotynically  anc  parabola  in  Rig.  1 does 
not  have  sections  of  backward  icticn. 

loundary  conditions  take  tie  fere  <*(-oo)  = o (this  always  can 
be  obtained  froa  the  condition  of  geage  ^avariaace)  and  a'(+°°)=i 
(it  is  obtained  froi  the  condition  of  equality  pressures  plasaa  and 
tagnetic  on  both  sides  cf  boundary). 


S-  , (pi  • 
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Utilizing  an  asyaptctic  representation  of  function  z ,'(*)  i at 

- y 

tiie  low  values  of  the  arguaent,  we  fihl  obtain  then 

i 

expression  for  a vektor  potential  576r(-~)’  ^ *0)‘  from  which  evident 
that  boundary  condition  is  satisfied  with  final  *«>  i.e.  there  exists 
the  iaterface  between  the  ,plasaa  and  the  Magnetic  field.  Accepting 
<fo  = o,  we  will  obtain  the  following  asyaptctic  foraulas: 


a' 


/=» 


n ~ 1 — 


let  us  note  that  the  given  in  work  [ft]  asyxptotic  dependence  of 
•agnehic  field  on  coordinate  is  inaccurate  due  to  the  stealing  in  in 
calculations  error. 

In  the  point  of  section,  all  basic  values  and  their  first-order 
derivatives  are  continuous. 

jCguation  (4)  with  conditions  a(0)  = o,  a'_(+oo)=  i was  integrated 
by  ETsVM.  Results  are  given  to  Fig.  3.  It  is  easy  to  establish  that 
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/?),,  = in  the  case  in  question  and  the  width  >cf  boundary  layer  is 
fr?lQ  laraorov  ionic  radii. 

Set  us  now  love  on  t«  acre  cobbod/ gene ial/ total  task.: 

ML18JZEE  BOUNDARY  LAYBS. 

Coordinate  sytstea,  accepted  for  this  task,  given  to  Rig.  4.  Let 
us  agiin  introduce  the  condition  of  the  rarefaction  of  the  plasaa 
(wean  free  paths  of  particles  consider ably  eaceed  their  Laraorov 
radii>.  Tlfis  allots  for  the  tine  intervals  greater  than  the  set-up 
tine  gf  all  values,  which  characterize  the  structure  of  interlayer, 
hat  less  than  the  characteristic  ti*e  cf  the  collisions  of  particles, 
to  consider  task  as  stationary.  Task  one-d  iaensional,  i. e. , a change 
ia  all  values  occurs  only  along  the  axis  y. 

■hen  x ., ~oo  there  is  two-coa jonent,  nonpolarized  plasaa  with 
the  8*iwellian  distribution  function  of  ipsa  and  electrons  and 
characterized  by  the  valugs  of  the  parameters  n = — (where  m,  - a 

aass  gf  electron,  and  mt-  a aass  af  ioq)  and  u-jf  , i.a.  by  the 
relation  of  electronic  and  ionic  tgaparatures.  -there  are  t$o  seized 
particles  in  transition  layer.  All  particles,  entering  the  boundary 
layers  emerge  it.  Task  let  us  exaaige  in  ncnrelativistic  getting. 
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Eage  101. 

fcet  us  write  the  eguations  of  Boltzaaoc  without  account  the 
collision  of  particles  and  equations  of  Max  tell  for  ions  and 
elections,  that  describe  a change  of  the  basic  parameters  of  plasaa 
in  the  transition  layer: 

“ d&~  + (2+ 4-  w “f ~)  - °; 

(x)  = - 4re  (n,  - ne); 

HA  (x)  = (/,  4-  /i); 

£ - — V*.  //  = (V^l- 


(6) 

(?) 


4f" 


Rgaations  (6)  have  all  of  six  integrals,  which  express  the  lavs  of 
observation  of  energy  and  generalized  aomectua  for  the  system  of 
particles  - the  field: 


«*  I V*  I wt 


*£  -*r* 


cma 

mle  e * ’ 
w = c'e. 


(8) 


333 


(<» 


Subsequently  uithput  the  liiitatiOB  pf  gescsality,  iat  us  auaM 

that  <r3'’  = °-  Furtheraore,  if  »«  reguiife,  |y  prder  to  <&,  a -* owhen 

then  cl  and  c2  will  represent  the  kinetic  energy  and  the  y-th 
component  of  the  velocity  of  the  particle,  respectively. 

The  solution  of  equations  (6)  will  be  a random  function  of 
integrals  (8).  Let  us  substitute  them  in  the  moments  for  density 
and  current : 

/W  — * [ ve,fel  (x.  v)dv; 

n ei  ~ J /,/(*,  v)  dv. 

Integration  in  (9)  takes  place  with  respect  to  all  particles 

reaching  point  x of  the  boundary  layer. 

The  systems  of  equations  (7)  is  of  the  fourth  order  and 

->  o,  <j>  J 

four  boundary  conditions  are  necessary  for  it.  Two  of  them 7T~  with 

x -)  — oo^  4s  the  this4  copditiop  m tikes  <s,'->o  vbti  *-••  + <».  Tha 

fourth  boundary  copditicp  fill  ba  the  requiieaent  of  that*  so  that 
tha  aagnetic  field  whan  *->+«>  would  have  a value,  ensuring  the 
equil|briua  of  boundary  layer  as  a whole  jfeguality  pressure  in  the 
plass4  when  *->-<»  and  of  aagnetic  field  «.lea  *-+oo): 


A’*(+  ”>) 

— < Pxx  ( °o)  >• 


(ID) 


let  us  introduce  the  diaessiopless  variables: 


where 


* 


g(ji 


mec\ 


me  ccr 


x = -- 


*0 


\ 4nn„  p*  / ' “ cr  • v c j. 


•T.-\ 


flT, 


characteristic  tberaal  electronic  rate. 


«»-  an  electron  density  or  ions  uhhp 


V — oo 
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*^a  <K>  xt  is  rewritten  in  the  itqnm 

■ 2 T, 

aao-i+-t~;=s>+A~,■ 


>e  condition s ot  intention  in  ,»  ,uke  the  for.  (fot 
*px  electrons  .••>  „ uj,  n v+*r 

*>,  *>-*+<£>  * *“  ‘™ate  i«e9taIs. 


‘"6“  303  subsequently  let  us  droP/o.it  nacks  4bollt 
di*ennioaiess  variables). 
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let  as  pass  iin  forxulas  (9)  fsca  it  ha  plant;  of  variables  (u.  t) 
tp  (««.  v,).  Barge  of  integration  is  the  exterior  of  parabola  (Fig. 

5a}.  lit  bin  tba  phase  space , next  by  parabola,  >are  located  all  those 
particles  which  turned  conversely  tewaids  plasxa,  ahaving  reached 
print  x of  boandary  layer.  Kith  notion  to  tie  side  positive  x the 
parabola  is  opened,  and  its  apex/vertex  Boxes  dcwn  along  the  axis  of 
crdinites  (of  what  it  is  passible  to  be  cpcfigccd  after 
cogcrete/specif ic/actual  calculations  by  ElsVH) • Analogous  position 
exists  for  the  ions  (see  fig.  5b). 

After  expressing  the  tcrque/acaents  of  distribution  function  and 
after  leading  thea  to  diaeijs ion  less  for»,i  ve  will  obtain  the  systea 
of  the  fourth  order  for  the  vector  and  aagnetic  potentials; 


i<«H*  V>  , (»}. 

(H> 

2 ~ a ' 

= nt-  n,, 

(12) 

where 
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_ i a Z | (a) 


nt  = exp  (20)- 


V 


rj-* 


-da; 

a 2 , (?) 


a,  = exp  (-2X0)  - (Xp) 4 J-l  - f JL__  da; 

V*  J K« 

o 

-*(-f --!•)■ 


(I3> 


(14) 


(15) 


let  us  draw  scaa  conclusions  frca  these  equations.  Function  z_  i (■*) 

2 

is  strict  positive  cn  an  entire  range  cf  change  real  variable  x; 
therefore  vektor  potential  and  Magnetic  field  increase  strictly 
apaotqnically^ 
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May:  |1).  for  electrons.  (2).  For  ions. 


Page  103. 


Potential  <t>  ia  limited;  therefore  when  x->  + oo  «,  p->+oo  and, 
therefore,  the  cur  neats  of  electrons  aqd  icns  vanish-  Rhea  * ->  --<*>  o 

and  therefore  on  the  bacia  of  liaitednean  z , (*)  ion  and 

“ *2 

electronic  current  when  vaiiah es. 


4a  equation  (12)  the  ' araaeter  t=  -T-  or  f = 4 r.  io  « (j  - 

% 

ia  electron  volts)  is  sufficiently  .low.  Therefore  equation!  (12)  * 
equation  with  the  lov  parameter  at  higher  derivative  at  the  energies, 
distant  froa  the  relativistic. 


dne  of  conditions  has  fora  M+ <*>)' ---«/( ! ■»)  = o.  By  the  unique  value 
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cf  tb4  potential  **>>  that  satisfying  this  condition,  on  the  basis 
of  (11)- (14),  as  shoved  experinent  in  aachines,  it  is  '**>  « o. 

One  of  the  special  feature/peculiaritics  of  equations)  (11) -(12) 
is  tht  fact  that  into  the  atguaent  cf  the  functions,  which  stand  in 
the  right  side  of  the  equations,  enters  the  relation  i = >hen 
•*->~oo  aqd  n->o,  «-^o  aad  this  sense  beccees  not  defined*  let  us 
calculate  it  then  v 00  accosding  to  ltlcpital's  rule 

$ <!>'  <j>« 

K «=  llm  «=  llm  -g,  — iim  -~>r 

and  14t  us  substitute  within  last/latter  lieit  the  right  sides  of 
eguatiens  (11)- (12),  He  Kill  obtain  transcendental  equation  for  j: 

/(7)=*(^)4  2,  [V2T  T)"Z1  (—  T K 2)  — 

y y 

" (2Kt')J"°-  "'I 


the  roots  of  equation  (16)  can  be  deter lined  by  ETsVif.  As  became 
clear,  equation  (16)  has  three  coots  (,t  Tl^S' 


*■  T - — M; 
2 - T ~ U v. 
3-  7 ~ — 0,54. 


subsegueutly) : 
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111  three  roots  very  weakly  depend  on  the  parameter  X<. 

The  asyaptotic  soletiocs  of  equations  { 1 1)—  (t2)  when  •*->-<» 
take  the  fcra 

a = *|  (x  - *0)‘;  | 

'!•  -x,)*.  ) 


Jt  is  evident  that  tip  bpondary  conditions  are  realised  with 
final  xq  let  ns  accept  .r0  = o. 

integration  ip  the  aachiae  of  equations  (11)-  (12)  with  the 
conditions  at  left  end/lead,  which  are  obtained,  if  we  take  roots  of 
1 or  2,  it  showed  that  the  solutions  do  not  satisfy  right  boundary 
conditions,  the  ionic  density  or  electrons  increases  exponentially. 
Zn  th|s  case  let  as  exaiiqe  the  third  xcot: 


a = 0,1625  • 10- * <I>  = 0,877  . IO-»  j*:4; 

a ' =0,65-  10'»*>  <t>'  = 0,35-  10*  jr«. 
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(a  oat  case  of  aquation  (11)-  (12)  are  aclvsd  siaply:  this  the 
case  shea  x«n->.  in  this  case,  larnorov  radii  cf  particles  are 
eqaal^  the  separations  cf  particles  dc  not  appear,  and  the 

picture  of  the  behavior  of  values  «ith  an  accuracy  down  to  the  terns 
cf  order  p coincides  with  that  depicted  on  Figr.  3. 

The  practice  of  count  ty  ETsVB  cf  systea  (11) -(12)  sirowed  that 
the  c<junt  was  unstable,  solution  with  conditions  at  left  end/lead, 
characterized  by  the  third  xcct,  is  rapidly  shet  down  to  the 
solutions,  characterized  by  the  first  or  seccpd  root;  therefore 
equations  (11)- (12)  were  replaced  ty  systes  (11)- (12^,  where 

n,  - n i.  (i2)'. 


Page  104. 


it  is  possible  to  note  that  the  instability  of  the  count  of 
systen  (11)- (12)  appears  when  is  already  valid  replacenent  (12*),  in 
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therefore  as  boundary  conditions  for  (12*)  it  is  possible  to  take 

eithef  solution  (ll)-(12)  at  the  point  when  it  stiil  riot  is  stable, 

or- asymptotic  solution  (11)~(12)  at- the  point  where  the  > * 

substitution  of  (12*)  is.  already  valid,  v/hich  was  done.  The 
' * ' - 
conditions  for  (11) -(12*)  they  were  undertaken  in  the  form 

n(0)=0,  $(0)=0.  Remaining  conditions  ( 11 ) — ( 12 ) , as  it  was 

explained  from  calculations , they  are  satisfied. 


Is  it  follows  froa  the  overall  theory  cf  differential  equations 
this  hpproach/apprpxiaaticn  is  correct  ca  at  entire  range  of 
interlayer,  with  the  except iop/eliainatioa  cf  narrow  sublayer  near 
tcundiry.  In  our  case  this  sublayer  is  realized  near  x=  oyi  where  act 
asyaptotic  la^s. 

In  the  case  when  — -x-— £ J.  cguetioas  can  be  approxiaately 
replaced  with  following  (out  of  the  range  c t narrow  sublayer  near  x 
C)  : 


3 


The  low  paraaeter  cf  expansion  is  actually  the  ssallness  of 
electric  forces  iq  coapariscn  with  aagqetic  in  interlayer  (with  the 
ejcception/eliainat  ion  of^left  end/lead)..  Ibis  when  Laraorov  radii  of 
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particles  converge,  the  picture  of  value  Change  approaches  a similar 
pattern  in  the  case  of  aagnetic  boundary  layer.  Density  change  is 
described  by  the  appropriate  fcrwula. 

Is  an  exaaple  of  general  solution,  let  us  czaaine  the  case  X.  * 1 
(iapthacaal  plasaa,  Pig.  <>.  width  of  boundary  layer  approxiaately 
4 VRin.  where  r,.  rt-  ienic  and  clectroeic  laraorov  radius 
respectively,  aagnetic  field  rapidly  iqcreaaaa  because  of  electronic 
current,  then  slowly  it  eaeiges  at  its  valae  in  i ~ because  of  ionic. 
Ions  are  run  up/turned  first  in  essence  J»y  the  negative  electric 
field  (to  the  point  of  its  xaxiaua  turns  the  half  of  particles), 
then,  after  losing  its  energy,  by  lagnetic  field.  Appears  the  dual 
charged  layer.  Electrons,  after  obtaining  high  energy  in  the  range  of 
negative  electric  field,  neatly  "feel"  ii)tc  further  aagnetic  field; 
therefore  their  current  in  the  range  of  ppsitlve  electric  field  is 
low  in  conparison  with  icpic.  With  an  increase  in  the  paraaeter  X, 
laraorov  radii  of  ions  and  electrons  cenverce  and  the  value  of  the 
electric  field,  which  atteapts  to  craw  together  the  turning  points:  of 
icus  and  electrons,  it  decreases.  It  is  possible  to  note  that  range 
with  the  sharp  gradient  ol  electric  field  aad  siall  width  (order  of 
Debye  screening  distance),  exaained,  for  exaaple,  in  [9],  it  does  not 


appear 


DOC  * 78104206 


El6i  03 


Cage  IQS* 

EEIEHIHCES 

1*  V.  C.  Perraro.  Theory  of  a plape  aodel.  0 of  Geophys.  aes, 
1952,  57,  Ho  1. 

2.  V*  P.  shabanskiy.  Structure  of  the  transition  layer  between 
the  plasaa  and  the  aagnetic  field.  ?hBTf,  1S61>,  Vol.  40,  lo  4. 

9.  A.  N.  Morozov,  1*  s.  Solo#*yev.  Kinetic  exaaination  of  soae 
plasaa  configurations.  2bETF,  1S61,  Vol.  40,  He  5. 

4.  H, Grad.  Boundary  layer  between  plasia  and  a aagnetic  field. 
Ehjs.  of  fluids,  1961,  v 4,  Ho  11. 


EQC  7 78104206 


I 


5.  Xu.  Si  Sigov,  fi.  1.  Tver.  On  the  structure  of  the  boundary 
layer  between  the  aagnetic  field  and  the  plasaa  flow,  "geoaagnetisa 
and  aironoay",  1963,  Vcl.  4,  8c  6. 

6.  H. Sestero.  Struct are  of  plasaa  sheaths,  phys.  of  Fluids, 

1964,  v 7,  Ho  1. 

1.  Xu.  s.  sigov.  Tc  kinetic  bcundary-lay er  theory  between  the 
rarefjed  plasaa  and  the  aagnetic  field.  Journal  of  Coap,  aatea.  and 
aateay  physics,  1964,  Vcl.  4,  Mo  6. 

8.  Yu.  S.  Sigov.  Or  interaction  of  tie  fleas  of  the  rarefied 
plasaa  with  aagnetic  fields  of  space  abjedts.  "space  investigations", 
1964,  Vcl.  11,  Ho  6. 

9.  Xu.  S.  Sigov.  Structure  of  the  boaqcary  layer  between  the 
rarefied  plasaa  and  the  aagnetic  field.  JPA3F,  1965,  No  2^ 

10.  Q.  Beytaen,  A.  Jrdcy.  Higtestest  transcendental  functions, 

Vpl.  1,  2.  fl.,  publishing  house  "science"*  1966. 

Received  15/V  1969. 


Page  106 


EOC  * 78104206 


PAGE 


ROme  OF  THE  GAS  JETS  U DIFFEBENT  DESSItY. 

%.  «.  Slavnov. 

Conducted  experiaertal  investigation  ct  t±e  nixing  of  the  gas 
jets  qt  different  density,  las  investigated  the  aixing  of  two 
coaxial,  axisymnetric  subsonic  jets,  ensuing  frca  the  beconing  narrow 
nozzles  with  large  conptession.  As  the  working  gas  of  internal  jet, 
were  atilized  argon  and  nitrogen,  and  exterral  jet  was  created  by 
airflgw.  It  is  shown,  that  the  criterion  pf  nixing  under  these 
conditions  was  the  ratic  of  the  velocities  cf  the  nixed  flows. 

The  turbulent  nixing  pi  gas  flews  with  different  density  was 
investigated  in  a series  cf  works  [1]  - [5].  The  foundation  studies 
cf  the  nixing  of  flows  at  high  rates  were  carried  out  by  A.  Ferri.  To 
then  it  was  advanced  anc  is  experiientally  tested  inportant 
hypothesis  about  the  fact  that  under  conditions  of  developed 
turbulence  the  criterion  of  the  nixing  of  the  contacted  gas  flows 
with  different  density  is  the  relaticn  cf  the  products  of  density  and 
the  rite  in  these  flows.  The  developed  by  A.  Ferrii  theory  was  well 
cppfiined  by  the  experinental  study  cf  thd  nixing  of  a subsonic  jet 
cf  hydrogen,  escape/ensuing  into  cccurrent  eir  flow  [4],  [5].  The 
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schenatic  cf  the  utilized  in  these  expedient?  experimental 
installation  is  given  tc  Fig.  1.  The  long  cylindrical  tube,  which 
supplies  gas  of  central  jet,  was  the  source  of  sufficiently  thick 
b.cwnddty  layer  in  the  beginning  of  the  zone  cf  the  nixing  of  flows 
with  different  density. 

las  of  interest  the  study  cf  the  process  cf  the  nixinfg  of  the 
gas  jdts  of  different  density  with  the  reduced  thickness  of  initial 
boundary  layer  in  pozzle  edge.  It  was  possible  to  expect  that  the 
criterion,  determining  the  lixing  cf  flew,  ip  this  case  will  be  the 
ratio  of  the  velocities  of  the  nixed  flows  and  that  with  equality 
rates  (with  snail  initial  turbulence)  the  turbulent  nixing  will 
virtually  no.  The  target/parpese  of  this  werk  was  the  experimental 
investigation  of  the  gas  jets  cf  different  density,  escaping  behind 
nozzles  with  the  high  degree  of  ccvpressicn. 

The  schematic  of  the  utilized  experiaectal  installation  is  given 

tp  Fig.  2* 


r;2.  i 
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The  coaxial  mixed  gas  jets  of  different  density  were  created  by  the 
system  of  two  coaxial  becoming  narrow  nozzles  with  the  large 
compression  of  nozzles  - area  of  the  output  section, was  less  than 

the  initial  nozzle  section  by  16  times.  In  addition  in  input 

«■ 

channels  were  establish/installed  those 

level  the  flow  of  grid.  Testings  were  conducted  during  the  discharge 

cf  jets  in  the  ataosphere.  lo  internal  noizle  was  fed  coapressed 
nitrogen  or  argon*  while  to  external  nozzle  - the  coapressed  air  with 
teapecatures  of  stagnation  10  £?  268°K.  The  total  pressure  applied 
ccaprdssed  air  /<«  and  gaa  cf  internal  jet  was  aeasured  with  the 
aid  of  the  nozzles  of  tie  total  pressure*!  establish/installed  in  the 
channels  in  front  qt  nozzles.  Fig.  3*  gives  the  value  of  gas  density 
tc  noizle  edge  p/p*  (was  referred  tc  air  density  under  standard 
conditions  '‘h  1 depending  on  the  given  rate  A. 

The  paraaeters  of  the  aixed  jets  were  aeasured  with  the  aid  of 
the  cgab/racic  of  the  nozzles  of  the  total  pressere*  which  it  was 
establish/installed  on  different  distance  fxca  nozzle  edge  (Fig.  4). 
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fo  Fig.  5 given  typical  distribution  g i the  total  pressure  p« 
in  the  section,  distant  to  five  boxes  fr-on  the  sect ion/s hear  of 


internal  nozzle 


5 dazing  the  discharge  Qf  nitrogen  to  air  flow 


(it  is  referred  to  atnospheric  pressure  n*)-  Tie  aeasurenent  of  the 
parameters  of  the  shift  of  flows  with  different  density  was  conducted 
at  distances  by  IS  and  20  beres  fren  the  sectic y/ shear  of  the 
internal  nozzle  where  was  neasured  conplete  axle  load  />....  and  was 


calculated  its  relation  tc  the  total  pressure  gas  of  internal  jet 


/'« •’  At  the  low  speeds  of  external  flow  "»  the  relation 


as  a 


result  of  the  turbulent  nixing  cf  jets  was  less  than  unity,  with  an 
increase  in  the  velocity  of  external  flow,  the  zone  of  mixing  was 


attenuated  and  relation 


grey/rose*  The  results  of  the 


neasuxements  conducted  are  represented  in  Fig.  t and  7. 


Big.  6,  gives  the  depecdence  of  relation 


on  tthe  ratio  of 


the  velocities  of  the  nixed  jets 


nhile  in  Fig.  7 - dependence 


co  relation 


Pa  ua 


The  data  Fig.  6 and  7 show  that  under  conditions 


cf  the  experlaent  conducted  the  critecicq  cf  the  nixing  of  the  gas 
jets  gf  different  density  is  the  ratio  of  tie  velocities  of  the  nixed 
flows  , and  not  the  relation  cf  the  products  cf  density  and  rate 


see  =?  781 04206 


~J^Ta-  Thi*»  apparently,  is  connected  xith  the  reduced  turbulence 
Ife v»l  ud  snail  initial  boundary  layer  thick  cess  in  nozzle  edge. 

The  author  expresses  appreciation  to  6.  1/.  Grodzovskiy  for 
valuable  councils,  and  also  A.  H.  Heshcljeryakova  and  H.  N.  Safonova 
after  aid  in  experimental icr. 
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Separation  of  binary  gas  lixture  in  a free  let,  which  escapes  into  a 

VACUUS* 

I.  S.  Borovkov,  V.  H.  Sankcvich. 

fork  depicts  the  results  of  the  experiientel  study  of  the 
separation  of  binary  gas  xiiture  ot  the  ajclc/axis  of  free  jet  and  is 
carried  out  the  cospariscn  cf  these  results  with  F.  Shernan*s  theory. 

1.  To  nunber  previously  carried  out  wciks  cn  experimental 
analysis  of  separation  cf  binary  gas  Mixture,  which  escapes  into 
vacuua,  are  related  works  cf  Becker *s  group  [1],  [2]  and  Waterean  and 
Stern  [3],  [4],  where  it  is  shewn,  that  nuclets  of  free  jet  proves  to 
he  substantially  enriched  heavy  coiponent  in  ccvparison  with  initial 
fixture.  According  to  Becker  the  separatipn  in  free  jet  is  detersined 
by  fcarodif fusion,  while  according  to  Waterman  atd  stern,  - by  a 
difference  in  the  therwal  velocities  of  the  heavy  and  light/lung 
■deciles  of  blending  acefts. 

the  results  of  works  £1]  - [4J  are  placed  in  the  doubt  of  work 
[S],  According  to  which  the  separation  cf  lixture  is  that  seesing  and 
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is  observed  only  in  such  a case,  when  before  tie  entrance  into 
nczzld,  that  selects  mixture  for  aralysis^  is  stock  wave. 

The  quantitative  analysis  of  t3je  process  of  separation  in  free 
jet  is  carried  out  in  Stersan's  work  [6].:  Is  here  proposed  the 
hydrodynamic  theory  of  ciffusi.cn  separation  and  are  calculated  static 
aplar  concentrations  anc  the  partial  flews  cf  heavy  coaponent  on  the 
ajcle/dxis  of  binary  aincst  inviscid  jet. 

The  results,  obtained  by  Sherman,  it  will  $ot  agree  with  the 
results  of  works  [ 1 ] - [4]  and  [5]. 

fhcs,t  after  the  appearance  of  work  (8]  arose  the  need  for  the 
new  aqre  thoreugh  and  sere  correct  eaperiaentaJ  analysis  of  the 
separation  of  binary  mixture.  The  attempt  tc  ccjduct  this 
investigation  is  aade  in  the  present  workt 


Jt  should  be  noted  that  the  need  for  conducting  of  the 
investigation  indicated  is  deteraiced  >nct  cily  ty  scientific,  but 
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with  carbon  trap  7 - it  is  rot  above  5»10~*  aa  Hg.  Tbe  aeasureaent  of 
partial  concentrations  in  tbe  caaera/chaaber  of  analysis  4 was 
conducted  by  aass  spectre teter-cnegatrcn  8MC-45  9,  by  the  being 
analyser  of  instruaent  TPtxVl  [8]. 

Fag*  <10. 

the  special  coordinate  spacer  apparatus  of  10  described  devices 
takes  it  possible  tc  derive/conclude  nozstle  1 fica  the  jet  being 
investigated  and  to  prgduce  the  replaceient  of  it  by  nozzle  with  Ik, 
designed  by  pressurized/sealed  connection  tc  scjic  nozzle  11, 
aoreower  for  both  these  piocess/operaticn  coordinate  spacer  apparatus 
nates  it  possible  tc  satisfy  it  the  process  of  experiaent.  This  aakes 
it  possible  to  consider  the  effect  of  residual  gas  in  the 
caaer i/chaaber  after  nozzle  eg  the  aeasured  partial  flows  of  blending 
agents,  to  check  the  absence  of  the  shock  wave  before  nozzle  1,  and 
also  it  is  constant  to  deteraine  the  iqitiai  ccaposition  of  aixture, 
i.e.,  ccaposition  in  the  precoahusticn  chanter  in  front  of  the 
nozzle. 

kith  the  aid  of  the  described  above  device  can  be  defined  both 
ccaposition  of  the  jet,  xbich  falls  into  nozzle  1 and  the  separation 

<!>  I N„  N N'  IN 
t I *o  I n ' 


ratio  S: 
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Id  this  rela-  ionship/ratic,  obtained  from  the  condition  of  the 
pxeservation/reteqtion/maiftaining  of  the  fashes  of  molecules  in 
caaera/chaabers  2 and  f,  <i>  end  q - partial  flows  of  the  heavy  and 
l^gbt/lung  of  coappnejta  at  tl)C  poift  bmiag  if fastigated,  N„  and  n0  * 
partial  concentrations  cf  these  components  in  initial  mixture,  N and 
n,  N*  and  n*,  N and  n - concentration  of  the  heavy  and  light/lung  of 
ccBfoments  in  the  earner a/chaaber  of  analysis  4 respectively  in  the 
position  of  nozzle  1 at  the  point  being  investigated  and  out  of  jet 
and  with  the  connection  of  attachment  1A  to  sonic  nozzle. 

The  accuracy/precisicn  of  this  determination  of  separation  ratio 
can  be  led  to  5-7o/o. 

3,  Experimental  investigation  of  separation  was  carried  out  on 
aple/axis  of  free  jet  for  mixtures  argon  - leliua  and  nitrogen  - 
heliua  at  constant  temperature  T0  if  precpmtust ion  chamber 
(295-3G0°K)  , at  different  initial  cctpos,i* ic ns  No/n0 (0. 1-1) , 
prcssares  in  precoabusticg  chaafcer  p0  (1”JO0  mi  Hg) , diameters  D0  of 
critical  section  of  sonic  ijozzle  (0-63-7  mi)  and  with  different 
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distances  of  x iron  nozzle  edge  (^/D0  = 0^2-20). 

the  conducted!  invest igaticn  shewed  that  the  separation  on  the 
axle/axis  of  jet  is  described  well  by  Sheraan's  theory,  if: 

■*  Be  number  which  fi gores  as  in  this  theory,  is  deternined  not 
by  the  geoaetric  D 5 or  effective  A,*;  and  txae  diaaeter  D4  of  the 
sci|ic  part  of  the  flow  in  nczzle  throat: 

Po  D\ 

Re  ; ; 

i-o 


•*  Be  nusber  exceeds  certain  value;  called  below  critical 
fieynclds  noaber  ke„,, 


The  conducted  investigation  showed  besides  the  fact  that 
diaaeter  0 can  be  determined  in  the  first  appr cxiqation,  froa  the 
relaticnship/ratio 


0\ 


ol 


0.25  j 


0.5. 
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This  reiationship/ratic,  as  can  easily  be  seen  that  it  occurs, 
it  flqv  in  nozzle  throat  can  be  divided  intc  boundary  layer  and 
inviscid  nucleus,  slip  cn  nczzle  liners  is  absent,  Mach  nuaber  in 
flow  core  in  critical,  section  is  equal  to  cjte  and  the  dependence 
nass  rate  of  discharge  in  the  boundary  layer  of  this  flow  on  a radius 
is  linear. 


«.  Por  illustration  of  foriulated  above  derivations  Rig.  2-4, 
gives  results  of  analysis  of  separation  of  fixture  argon  - heliua 
with  initial  coaposition  K,0/n(5  = 0.2,  that  escapes  behind  nozzle  by 
cianeter  D0  = 7 an. 


fig,  2,  gives  the  coapariscn  cf  the  experiiental  and  obtained  in 
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accordance  with  Sherman *s  week  theoretical  dependences  of  the 
separation  ratio  S on  tke  relative  distance  x/D  of  different 
characteristic  diameters  Bs  D0  (Fig-  2a)v  #><t>  (fig-  2b)  and  (Fig. 
2c). 


Biaaeter  dh  is  here  determined  experimentally  according  to  the 
consumption  of  the  aixtmra  through  the  nozzle  at  different*  pressures 
in  praccab ustion  chamber.  Diameter  Dt  is  dalculated  on  the  given 
above  xelaticnship/ratic  between  the  diameter  £ t and  #»V 

{t  is  interesting  to  mete  that  the  relationship  ~~  for  all 
analyses  by  us  of  nozzles  and  mixtmres  was  detereined  exclusively  by 

nesfces  Rc--=^-<7"a‘  and  it  was  described  well  by  the  formula 

1*0 

D"t>  _ 1 .5 

°o  V Re„- 


6b 


I 


from  given  Fig.  2,  it  follows  that  daring  the  determination  of 
rasbex  Re>Re1(p  from  diameters  D0  and  />„[,  the  average  difference 
between  the  experimental  and  theoretical  dependences  S (x/D)  comprises 
£,cr  those  examine/consicered  a mixture  and  a gczzle  with  respect  20 


fe  a 


and  10o/o  and  noticeably  exceeds  that  error  (approximately  6o/o) , 
free  ahich  coefficient  s was  determined  experimentally.  During  the 
determination  of  number  Re>Re«p  frem  the  diameter  of  the  sonic  part 
cf  the  flow  in  nozzle  threat  the  experimental  aid  theoretical 
dapendeaces  S ( x/D t)  virtually  coincide  with  each  other. 
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Tig.  3 , gives  the  ccaparison  cf  the  described  above  experiaental 
and  theoretical  results  fcr  diaaeter  D*  io  the  following  designations 
cf  work  [6]: 

<i>  - partial  flow  cf  argon  at  the  poict  teing  investigated  on 
the  afle/axis  of  Jet; 


« - constant  the  linear  dependence  of  the  coefficient  of 

l*  . T 

viscosity  cn  teaperature  ^ 5=1  C T{  . (thick  aust  give  the  correct 

values  of  the  coefficients  cf  the  viscosity  cf  the  gases  in  question 
io  transonic  zone  of  flee; 


/o(l-/u)|'"l  - >»!  ' * 


SlTlo  I Wo 
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where 


f 0 - the  initial  nclar  concentration  ci  axgon. 


Sm0 - number  of  Schnidt  ir  initial  aixture. 


■i  and  - agleculat  Basses  ct  argon  and  helium. 


■o  3 fo“i  ♦ ~ neutral  sclecular  weight  of  initial 

xixture. 


* = 3 - relation  of  heat  capacities  fcr  argon  and  h;eliun, 

<fo  - theraal- diffusion  sense  in  initial  aixture. 

fig.  4,  gives  the  dependence  of  ooefficieit  s on  number  Re 

rO 

the  jet  iq  question  for  0~  — 5,  i»*«  for  the  ca?e,  when  coefficient  S 
in  this  jet  is  in  effect  taxiBua. 


*s  it  follows  froa  Pig.  4,  critical  nailer  Ro,„.  for  overall 
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efficiency  of  S here  of  tfa^  aixture  in  question  is  equal 
apprcjiaately  to  70. 

Analogous  results  were  obtained  fcr  ptfcer  initial  compositions 
cf  aiyture  argon  heliui,  ether  sonic  nozzles,  and  also  during  the 
analysis  of  fixture  nitrogen  - heliun. 

The  value  of  qaabex  Re„,„  in  particular,  for  the  aaxiauia 
separation  ratio  of  aixtuxe  regained  constant  and  equal  in  our 
experinents  approximately  7C. 

S.  Need  for  deternination  of  Be  nuxber,  which  figures  as  for 
Shernin's  theory  with  use  of  diameter  >cf  senic  part  of  flow  in  nozzle 
throat,  i-e.,  taking  into  account  boundary  layer,  is  connected, 
apparently,  with  the  fact  that  precisely  in  this  part  of  flow  with 
its  expansion  in  vacuus  appear  those  longitudinal  and  radial 
gradients,  which  produce  separatiop  cf  mixture. 
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l"  connection  vith  this  it  is  interesting  to  note  that,  in 
evidence  of  the  authors  ot  vorks  [9],  erperi.ental  and  obtained  by 
■ethod  cf  characteristics  ir  »crk  [10]  the  calculated  dependences  a 
Ot/O),  which  they  play  inportant  rcie  in  Sheraar-s  theory,  will  agree 
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veil  between  themselves  with  the  lew  numbers  Be0  only  in  such  a case, 
when  *s  characteristic  is  utilized  diaaeter,  noticeably  smaller  than 
d£aMt«r  [in  the  work  [;6]  dependence  JMx/D0)  is  deterained 
experiaentally  with  sufficiently  large  miwbers  Be0  = 2400-7300], 

Boring  the  discussion  of  another  derjvaticf  of  present  article  - 
derivation  about  the  existence  of  nuwber  ^e«r~  it  is  necessary  to 
bear  in  wind,  that  sheraan’s  theory  is  coast'  acted  on  basis  of 
equations  for  a nonvisccus  gas,  wrong  with  the  saall  Re  nuabers. 

Thus,  the  process  of  the  separation  pf  the  binary  gas  nixture, 
which  escapes  into  vacuoa,  it  is  realised  in  actuality  and  the  laws 
governing  this  process  when  Rc>Re«P  are  described  by  Sheraan's 
theory.  As  concerv s the  values  of  separable n ratios,  obtained  in 
wprks  [1]  - [4]  and  [5],  which,  obviously*  ip  the  first  of  then  these 
values  are  strongly  overstated  as  a result  cf  the  inadequacy  of  the 
systeas  of  analysis,  and  in  the  latter  are  understated  as  a result  of 
the  stall  sensitivity  of  aetering  eguipaeat. 

Broffl  Sherman’s  theory  whose  validity  is  here  confiraed 
experiaentally,  and  also  frea  the  tact  cf  the  existence  of!  the 
critical  Re  number,  after  achievement  of  which  the  separation  ratio 
begins  to  decrease  together  with  Re,  can  be  cade  two  derivations: 
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-*■  effect  of  separation  in  practice  cannot  te  used  during 
obtaining  of  the  superscnic  rarefied  flows  in  the  underexpanded 
npzzles; 

- effect  of  separation  can  not  be  taker  into  attention  during 
cbtaining  of  the  superscnic  rarefied  airflow. 

In  conclusion  it  is  necessary  to  gofce  that  during  the  execution 
of  th|s  work  appeared  verk  [11],  where  are  alec  given  the  results  of 
determining  the  partial  ficus  of  argon  ai)d  helium  on  the  axle/axis  of 
free  Jet.  From  indicated  work  it  dees  njot  fcllc*,  which  diameter  as 
characteristic  must  be  selected  for  determining  the  Be  number  in 
Sherman's  theory,  however,  its  results  will  agree  well  with  the 
results,  obtained  in  the  present  work.  Fig.  5;  gives  the  comparison 
cf  the  results  of  work  [11]  and  of  this  work  nith  D = D0,  which 
relate  to  the  maximum  separation  ratios  of  mixture  argon  * helium, 
that  escapes  behind  sonic  qczzle. 
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Key:  11) • according  to  Andersop.  (2).  «n  knthors's  data.  13). 
Sberain’s  theory. 
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